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INTRODUCTION 


PURPOSE  AND  SCOPE 


Purpose 

V 

The  purpose  of  this  appendix  is  to  assemble  available  water 
resources  data  in  a summarized  form  to  provide  information,  not 
only  for  the  agencies  dealing  with  the  management  of  the  water 
resources  of  the  region,  but  also  for  those  planning  the  economic 
development  which  is  dependent  upon  those  resources.  Much  informa- 
tion about  the  water  resources  of  the  Columbia-North  Pacific  Region 
is  available  but  it  differs  widely  in  character,  scope,  and  geo- 
graphic coverage  and  must  be  obtained  from  many  sources.  Informa- 
tion also  is  available  on  various  water  laws,  technological 
developments,  and  economic  and  population  trends  that  will  influence 
the  availability  of  and  requirements  for  water  in  the  future. 

The  goal  of  water  conservation  is  the  management  of  this 
renewable  natural  resource  to  provide  the  optimum  benefits  from  use 
of  the  water,  now  and  in  the  future.  To  achieve  this  goal,  intelli- 
gent planning  and  orderly  development  are  needed.  Proper  planning 
and  development  require  adequate  information  about  the  water  re- 
source and  how  man's  activities  have  affected  and  are  likely  to 
affect  it. 


Scope 

The  study  consists  primarily  of  summarization,  analysis, 
and  extension  of  existing  data  on  water  resources  of  the  region. 
Essentially  data  used  were  taken  from  published  sources.  Some 
river  discharges  were  obtained  by  computer  analysis  of  observed 
information.  The  base  period  selected  is  1929-58.  The  discharges 
used  throughout  generally  reflect  1970  or  1975  conditions  of 
development;  that  is,  the  natural  flows  have  been  depleted  and 
regulated  for  those  anticipated  levels  of  use. 

Detailed  data  are  presented  for  each  of  the  12  subregions. 
They  include  information  on  the  quantity  and  quality  of  both  sur- 
face and  ground  water.  The  total  quantity  of  water  available  in 
each  subregion  is  shown  by  month  on  graphs  and  in  tables.  Water 
records  for  selected  streams  were  analyzed  and  summarized  as: 

(1)  mean  monthly  discharge  for  several  conditions  of  flow:  maximum, 

minimum,  mean,  20-  and  80-percent  frequencies  of  occurrence,  and 
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maximum  and  minimum  years;  (2)  peak  discharge  frequency;  (3)  high- 
flow  and  low-flow  discharge  frequency  for  preselected  periods  of 
1 to  12  months;  (4)  duration  curves  of  monthly  and  annual  flows; 

(5)  lowest  mean  flows  for  1 to  10  consecutive  years  in  the  30-year 
base  period;  and  (6)  seasonal  and  annual  variations  in  water  dis- 
charge. Also  included  are  data  on  water  quality:  chemical, 

biological-biochemical,  sediment,  and  temperature.  The  availabil- 
ity, distribution,  and  quality  of  ground  water  are  presented  in 
maps  and  tables. 

Each  subregion  report  also  contains  a general  hydrologic 
description  of  the  area;  a fairly  detailed  description  of  the 
climate;  and  discussions  of  water  use,  stream  management,  and  water 
rights.  In  addition,  the  Regional  Summary  includes  sections  cover- 
ing technological  advancements  and  areas  of  need  for  additional 
hydrologic  data. 


Definition  of  Present  Conditions 


In  order  to  determine  monthly  mean  regulated  flows  at  various 
locations  on  streams  in  the  Columbia-North  Pacific  Region,  a defi- 
nition of  "present  conditions"  is  needed. 

Modified  flow  representing  present  conditions  for  the 
Columbia  River  and  certain  principal  tributaries  reflect  irrigation 
depletions  as  of  1970,  power  and  flood  control  regulation  by  reser- 
voirs existing  or  under  construction  in  1970.  Present  conditions 
for  the  remaining  upstream  tributaries  are  those  of  the  existing 
depletion  studies  adjusted  for  the  amount  of  land  under  irrigation 
in  1966. 

The  modified  flows  previously  determined  by  the  Columbia 
Basin  Inter-Agency  Committee  are  historical  flows  for  the  base 
period  1929-58  that  were  modified  by  estimated  depletions  for  1960 
and  2010  conditions  of  irrigation  development  and  by  adjustments 
for  changes  in  contents  of  reservoirs  and  natural  lakes.  This 
placed  all  streamflows  for  the  30-year  base  period  on  a comparable- 
use  basis . 

Existing  projects  are  known.  Those  under  construction,  or 
assumed  to  be  under  construction  by  1970  for  purposes  of  the  study 
(including  licensed  or  authorized)  follow: 

Project  Stream 

Mica  Columbia  River 

Libby  Kootenai  River 

Teton  Teton  River 

Asotin  Snake  River 


Subregion 


In  Canada 
1 
4 
6 


i 

t 


Dworshak 

N.  F.  Clearwater  River 

6 

Lower  Granite 

Snake  River 

6 

Little  Goose 

Snake  River 

6 

Lower  Monumental 

Snake  River 

6 

Lost  Creek 

Rogue  River 

10 

Additional  generation  units  are  authorized  for 
projects  which  were  considered  as  under  construction: 

the  following 

Pro jec 

Stream 

Subregion 

Boundary 

Pend  Oreille  River 

1 

Grand  Coulee 

Columbia  River 

2 

Chief  Joseph 

Columbia  River 

2 

Wells 

Columbia  River 

2 

Rocky  Reach 

Columbia  River 

2 

Hells  Canyon 

Snake  River 

6 

Ice  Harbor 

Snake  River 

6 

John  Day 

Columbia  River 

7 

The  Dalles 

Columbia  River 

7 

Bonneville 

Columbia  River 

7 

RELATIONSHIP  TO  OTHER  PARTS  OF  REPORT 

Appendix  V,  Water  Resources,  is  one  of  three  basic  data 
appendices  used  in  preparing  the  functional  appendices,  the  com- 
prehensive framework  plan,  and  the  Main  Report.  The  other  two  basic 
data  appendices  are  Land  and  Mineral  Resources  and  Economic  Base  and 
Projections.  The  Water  Resources  Appendix  furnishes  data  on  the 
quantity  and  quality  of  both  surface  water  and  ground  water  for  use 
in  defining  present  conditions  with  respect  to  water  availability 
for  the  functional  appendices.  The  projections  of  future  water  use 
developed  in  the  nine  functional  appendices  will  be  used  in  con- 
junction with  the  Water  Resources  data  to  determine  excesses  and 
deficiencies  of  water  when  considering  the  many  alternatives  for 
water  development  in  the  plan  formulation  phase.  Appendix  V also 
was  used  in  presenting  the  present  water  situation  for  the  Main 
Report;  as  well  as  to  show  needs  for  additional  data  and  possible 
technological  advances  that  may  in  the  future  enhance  the  water 
resources  of  the  region. 

DESCRIPTION  OP  THE  REGION 

The  Columbia-North  Pacific  Region  includes  all  of  the 
Columbia  River  drainage  in  the  United  States,  the  coastal  streams 
of  Oregon  and  Washington,  and  the  Closed  Basin  in  south-central 
Oregon.  This  area  of  approximately  274,400  square  miles  (271,430 
sq.  mi  of  land  and  2,984  sq . mi.  of  water)  encompasses  all  the 
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State  of  Washington,  most  of  Idaho  and  Oregon,  and  parts  of  Montana, 
Nevada,  Utah,  and  Wyoming.  The  region  is  bounded  on  the  east  by  the 
Rocky  Mountains,  on  the  north  by  the  Canadian  border,  on  the  west  bv 
the  Pacific  Ocean,  and  on  the  south  generally  by  the  California  and 
Nevada  state  lines  and  the  Snake  River  drainage  divide.  The  regior- 
al  and  subregional  boundaries  are  shown  in  figure  1.  The  major 
physiographic  features  are  shown  in  figure  2. 

The  Olympic  Mountains  in  the  northwest  corner  of  the  region 
are  steep  and  rugged.  Many  foothills  rise  to  altitudes  of  4,5'' 
to  5,000  feet  to  create  a gently  undulating  horizon.  Above  thi 
horizon  rise  exceedingly  sharp  ridges  and  crags,  many  of  them  to 
altitudes  of  7,000  and  8,000  feet,  with  Mount  Olympus  reaching 
8,200  feet.  Most  of  the  drainage  is  by  small  rivers  running  west- 
ward to  the  Pacific  Ocean  or  eastward  to  Puget  Sound.  These  moun 
tains  cause  extremely  high  precipitation  and  create  the  wettest 
spot  in  the  conterminous  United  States,  where  at  higher  altituue.- 
in  certain  areas  average  annual  rainfall  is  as  great  as  240  inches. 
The  Coast  Range,  which  includes  the  Olympic  Mountains,  extends 
southward  through  Washington  and  Oregon,  with  general!)  rough  ter- 
rain although  not  as  high  as  the  Olympic  Mountains.  Drainage  is 
mostly  by  small  rivers  running  to  the  Pacific  Ocean  and  by  the 
Willamette  River  system  which  carries  considerable  quantities  of 
water  from  precipitation  averaging  100  inches  or  more  per  year  in 
the  higher  mountains. 

The  Wi 1 lamette-Puget  Sound  Trough  extends  from  the  Canadian 
border  through  Puget  Sound  and  the  Willamette  Basin.  The  trough  is 
30  to  50  miles  wide,  about  350  miles  long,  lies  mostly  below  an 
altitude  of  500  feet,  receives  an  average  of  about  40  inches  of 
precipitation  each  year,  and  is  underlain  by  alluvial  and  glacial 
rock  materials. 

The  Cascade  Range  divides  the  region  into  two  distinct 
parts--the  generally  wet  west  side  with  moderate  temperatures,  and 
the  more  arid  east  side  with  its  greater  extremes  in  weather.  Most 
of  the  mountains  range  in  altitude  from  5,000  to  8,000  feet  with 
several  volcanic  peaks  exceeding  10,000  feet,  the  highest  being 
Mount  Rainier  at  14,410  feet.  The  streams  have  fairly  steep  gradi- 
ents and  drainage  is  chiefly  to  the  Willamette  River  and  Puget  Sound 
on  the  west  side  and  to  the  Columbia  Basin  on  the  east.  In  fact, 
all  drainage  east  of  the  Cascade  Range  is  to  the  Columbia  Basin. 

The  Columbia  Plateau-Blue  Mountains-Snake  River  Plateau  area 
occupies  nearly  40  percent  of  the  region  and  lies  at  an  average 
elevation  of  about  3,500  feet.  Precipitation  is  generally  scanty 
ranging  from  about  10  inches  annually  over  large  areas  to  50  to  80 
inches  on  isolated  mountains.  Stream  gradients  are  relatively 
gentle.  About  60  percent  of  the  area  drains  to  the  Snake  River, 
the  major  Columbia  River  tributary,  about  10  percent  to  the  Oregon 
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Closed  Basin,  and  the  remainder  to  the  Columbia  River  and  its 
other  tributaries. 

More  than  30  percent  of  the  region  lies  in  the  area  desig- 
nated physiographically  as  the  Northern  Rocky  Mountains.  Western 
Montana,  much  of  Idaho,  and  the  northeast  corner  of  Washington  lie 
in  this  area  which  comprises  numerous  mountain  ranges  separated  by 
narrow  valleys  through  which  flow  the  major  streams.  Stream  gradi- 
ents are  steep  as  the  altitudes  range  from  2,000  feet  in  the  lowest 
valleys  to  more  than  10,000  feet  on  many  of  the  peaks.  The  south- 
ern part  is  drained  into  the  Columbia  River  by  the  Snake  River  and 
the  northern  part  drains  to  the  Columbia  River  through  the  Kootenai, 
Clark  Fork,  and  Spokane  Rivers.  Annual  precipitation  ranges  from 
10  to  60  inches . 
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SUMMARY 


CLIMATE 

The  climate  of  the  Columbia-North  Pacific  Region  is  associ- 
ated with  the  southerly  and  easterly  drift  of  cyclonic  storms  that 
develop  in  the  northern  Pacific  Ocean,  and  with  the  seasonal  migra- 
tion of  the  semipermanent  high-pressure  anticyclonic  area  of  the 
central  Pacific.  In  winter,  the  storms  pass  over  the  region  caus- 
ing most  of  it  to  have  distinctly  wet  winters.  Because  the  storms 
swing  farther  north  in  summer,  most  of  the  region  has  relatively 
dry  summers;  however,  in  the  interior,  continental  airmasses  bring 
summer  rains.  The  general  eastward  movement  of  marine  air  over  the 
area  keeps  temperatures  moderate  most  of  the  time.  Occasionally, 
however,  continental  high-pressure  areas  reverse  the  general  flow, 
and  dry  air--hot  in  summer  and  cold  in  winter--moves  westward  rather 
than  eastward. 

Detailed  information  on  the  various  climatological  factors 
are  presented  in  the  subregion  reports.  Generalized  data  are  pre- 
sented here  in  summary  form,  mostly  on  maps,  to  provide  for  easy 
comparison  between  subregions  and  to  show  the  overall  situation. 


Weather  Records 


There  are  about  560  stations  in  the  Columbia-North  Pacific 
Region  where  precipitation  and  temperature  data  are  collected  regu- 
larly. Evaporation  and  wind  data  are  collected  at  about  40  sites. 
Fair  coverage  of  the  region  is  obtained  at  lower  elevations,  but 
there  are  only  a few  stations  at  the  higher  elevations,  and  in  areas 
where  orographic  features  cause  sudden  changes  in  weather.  In  the 
more  inaccessible  areas,  precipitation  rates  are  inferred  from  river 
discharge  and  other  factors. 

The  Meteorology  Committee  of  the  Pacific  Northwest  River 
Basins  Commission  recently  prepared  a Climatological  Handbook  for 
the  region.  This  handbook  is  available  for  general  use  and  con- 
tains information  on  many  kinds  of  climatological  data,  including 
summaries  of  various  statistical  parameters  as  well  as  the  usual 
monthly  and  annual  summaries. 

Weather  data  for  about  10  to  15  selected  sites  are  included 
in  each  of  the  subregion  reports.  These  data  generally  are  for 
representative  stations  that  show  the  range  in  climatic  conditions 
existing  in  the  lowlands  of  the  subregion. 
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Precipitation 


Generalized  mean  annual  precipitation  is  shown  in  figure  3. 
The  map  shows  that  27  percent  of  the  area  receives  less  than  12 
inches  of  precipitation  and  that  less  than  1 percent  of  the  area 
receives  more  than  120  inches.  The  highest  precipitation  areas  lie 
in  or  west  of  the  Cascade  Range.  Precipitation  ranges  from  a low 
of  less  than  10  inches  in  some  part  of  each  of  the  states,  to  a 
high  of  240  inches  in  the  Olympic  Mountains  in  Washington. 
Surprisingly,  though,  one  of  the  driest  areas,  Sequim,  Washington, 
with  about  15  inches  of  annual  precipitation,  lies  in  the  rain 
shadow  of  the  Olympic  Mountains,  only  30  miles  from  the  wettest 
spot.  The  greatest  single-season  snowfall  ever  recorded  in  the 
United  States  was  1,000  inches  at  Paradise  Ranger  Station  on  Mount 
Rainier  during  the  winter  of  1955-56. 

Mean  monthly  and  mean  annual  precipitation  are  shown  in  the 
subregion  reports  for  selected  sites  that  represent  typical  areas 
and  elevations  in  the  subregion.  The  30-year  normal  period  referred 
to  in  the  subregion  reports  is  the  cl imatologi cal  standard  normal 
based  on  the  period  1931-60. 


Temperature 

Mean  annual  temperature  is  shown  on  the  map,  figure  4.  This 
generalized  map  does  not  show  extremes  and  does  not  indicate  the 
mildness  of  the  climate  west  of  the  Cascade  Range  as  compared  with 
that  east  of  the  Cascade  Range.  Detailed  data  in  the  subregion 
reports  show  average  maximum,  average  minimum,  mean,  highest,  and 
lowest  temperatures  at  selected  sites  that  are  representative  of 
various  climatic  areas  in  the  subregion. 

A graph  of  average  seasonal  temperatures  at  Seattle, 
Washington,  is  presented  in  figure  5,  which  shows  the  year-to-year 
range  in  average  seasonal  temperatures  encountered,  even  in  the 
mild  west  coast  climate.  The  highest  temperature  recorded  in  the 
region  was  119°  F.  at  Prineville  in  central  Oregon  on  July  29,  1898, 
and  the  lowest  temperature  was  -70°  F.  at  Rogers  Pass,  on  the 
Continental  Divide,  near  Lincoln,  Montana,  on  January  20,  1954. 
Incidentally,  this  is  the  lowest  temperature  ever  recorded  in  the 
United  States,  excluding  Alaska. 

Air  temperatures  in  relation  to  the  length  of  the  frost-free 
growing  season  are  shown  in  figure  6.  The  range  in  frost-free  days 
is  from  more  than  240  days  along  the  Pacific  Ocean  to  less  than  40 
days  in  some  areas  along  the  Continental  Divide  in  eastern  Idaho. 
About  60  percent  of  the  region  lies  in  the  middle  classes  of  frost- 
free  days,  80  to  120  and  120  to  160  days,  with  about  32  percent  in 
the  80-  to  120-day  range. 
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season  is  not  shown,  the  average  for  that  season  was  within 
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Wind 


Windstorms  along  the  Pacific  Ocean  shoreline  in  Subregion  10 
occasionally  reach  hurricane  force  and  do  considerable  damage. 

Wind  speeds  exceeding  100  mph  have  been  recorded  all  along  the 
coast.  Such  high  winds  normally  do  not  occur  in  the  Puget  Sound 
and  Willamette  Subregions,  although  occasionally  damaging  storms 
occur  during  the  winter.  However,  the  most  spectacular  windstorm 
occurred  on  Columbus  Day  in  1962  when  a gust  of  116  mph  was  recorded 
in  Portland,  Oregon.  Cold  winds  from  the  north  and  east  often  bring 
freezing  weather  during  mid-winter,  and  warm  winds  from  the  south 
and  southwest  usually  accompany  fall  and  winter  rains  and  snowstorms. 
Average  wind  velocity  ranges  from  4 to  16  mph  with  little  change 
from  month  to  month. 

East  of  the  Cascade  Range  prevailing  winds  are  westerly. 
Greatest  wind  movement  occurs  in  spring,  but  the  winds  general lv 
are  light,  averaging  from  2 to  5 mph.  Severe  winds  occur  along  the 
Columbia  River  and  dust  storms  are  common  during  the  drier  months 
throughout  the  arid  part  of  the  region.  In  the  Snake  River  Plain 
and  in  the  Northern  Rocky  Mountains  high  winds  up  to  60  mph  some- 
times occur  for  short  periods;  however,  average  wind  velocity  in  the 
valley  areas  is  from  6 to  8 mph. 


Evaporation 


The  evaporation  averages  presented  in  the  climatological 
sections  of  this  study  were  obtained  from  Class  A evaporation  pan 
records.  Various  studies  have  shown  lake  (free  water)  evaporation 
to  vary  from  about  60  to  81  percent  of  pan  evaporation.  Evaporation 
is  strongly  affected  by  wind,  humidity,  and  temperature.  It  is  a 
major  cause  of  loss  of  water,  especially  locally  where  there  are 
large  exposed  water  surfaces.  In  1954  about  2,600,000  acre-feet 
of  water  evaporated  from  the  principal  reservoirs  and  regulated 
lakes,  and  about  390,000  acre-feet  evaporated  from  other  large 
fresh-water  lakes  in  the  region.  The  total  is  the  equivalent  of  a 
stream  flowing  4,200  cfs  (cubic  feet  per  second)  throughout  the 
year.  In  addition,  about  770,000  acre-feet  evaporated  from  the 
generally  saline  lakes  located  in  Subregion  12.  Projections  to 
1970  indicate  that  3,900,000  acre-feet  will  then  be  evaporated 
annually  from  principal  reservoirs  and  regulated  lakes,  an  increase 
of  SO  percent  since  1954.  The  total  annual  evaporation  from  the 
above  three  sources  is  projected  to  be  about  5,060,000  acre-feet, 
the  equivalent  of  a stream  flowing  7,000  cfs,  or  the  average  summer 
flow  of  Willamette  River  at  Oregon  City.  \s  reservoir  construction 
continues,  evaporation  losses  will  increase. 

Average  annual  lake  evaporation,  in  inches  , throughout  *l  < 
region  is  shown  in  figure  7.  The  highest  rate  of  e r ;t  , .h 
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occurs  in  central  Washington  near  Ephrata,  is  44  inches  per  year. 
Average  monthly  evaporation  in  the  region  in  percentage  of  total 
annual  ranges  from  about  1 percent  in  December  to  19  percent  in 
July,  as  shown  in  the  following  tabulation: 


Month 

Percent 

Month 

Percent 

J anuary 

2 

July 

19 

Feb ruary 

2 

August 

16 

March 

4 

September 

10 

April 

10 

October 

5 

May 

13 

November 

3 

June 

15 

December 

1 

Evapotranspiration 


The  potential  evapotranspiration  was  computed  using  the 
Thronthwaite  approach.  Potential  evapotranspiration  thus  computed 
is  believed  by  Blaney  and  others  to  closely  approach  the  free  water 
evaporation  when  the  surrounding  terrain  has  complete  vegetal  cover 
In  many  areas  of  the  Columbia  Basin  this  is  not  the  existing 
condition . 


Potential  annual  evapotranspiration  in  the  Columbia-North 
Pacific  Region  ranges  from  15  inches  in  some  of  the  mountains  east 
of  the  Cascade  Range  to  30  inches  in  the  arid  and  semiarid  areas. 
Actual  annual  evapotranspiration  ranges  from  less  than  10  inches, 
in  some  arid  and  semiarid  areas  where  precipitation  is  scanty,  to 
22  inches  in  the  valleys  west  of  the  Cascade  Range,  where  moisture 
is  more  abundant.  Actual  evapotranspiration  usually  is  only  50  to 
70  percent  of  potential  because  the  water  supply  is  generally 
limited,  especially  during  summer. 


Storms 

Tornadoes  and  hurricanes  seldom  occur  in  the  region  but 
hailstorms  occasionally  cause  damage  to  crops  east  of  the  Cascade 
Range.  Heavy  rains  that  cause  floods  are  common  in  winter  west  of 
the  Cascade  Range,  and  convective  storms  that  produce  cloudburst- 
type  rains  which  cause  severe  flooding  are  not  uncommon  in  summer 
east  of  the  Cascade  Range. 

Winter  storms  that  created  above-normal  mountain  snowpacks 
helped  set  the  stage  for  the  great  flood  of  May-June  1948  in  the 
Columbia  River  Basin.  The  immediate  cause  was  a sequence  of  tem- 
peratures conducive  to  production  of  a flood  from  snowmelt.  During 
April  and  early  May  temperatures  were  subnormal,  so  that  melting  of 
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snows  in  the  high  mountains  was  delayed.  Records  indicate  that  the 
water  content  may  have  exceeded  200  percent  of  normal  in  some  areas. 
At  mid-May,  temperatures  rose  generally  to  far  above  normal  in  the 
upper  basin  and  remained  abnormally  high.  During  the  latter  part 
of  May  precipitation  totals  of  2 to  3 inches  were  recorded  in  much 
of  the  upper  basin.  With  this  combination  of  climatological  events 
a great  flood  was  born  that  reached  a peak  discharge  of  1,010,000 
cfs  at  the  gaging  station  near  The  Dalles,  Oregon. 

Calendar  year  1964  was  one  of  the  stormiest  of  record.  The 
storms  began  June  7 in  the  Clearwater  Basin  and  on  June  9 in  the 
Upper  Clark  Fork  Basin,  particularly  on  the  Flathead  River  at 
Columbia  Falls,  Montana,  where  the  highest  flows  for  the  period  of 
record  occurred.  This  flood,  caused  by  torrential  rainfall  (prob- 
ably over  16  inches  in  30  hours) , when  added  to  the  regular  spring 
runoff  would  have  caused  an  estimated  $36  million  damage.  However, 
flood-control  operations  at  Hungry  Horse  Reservoir  reduced  the 
estimated  damage  $12  million.  The  floods  of  December  throughout 
Oregon  and  in  parts  of  Washington  and  Idaho  were  the  most  damaging 
in  the  history  of  the  area.  The  floods  resulted  from  a series  of 
storms  in  late  December,  but  primarily  from  the  warm  torrential 
rainfall  of  December  21-23.  This  rainfall  reflected  the  combined 
effect  of  moist  unstable  airmasses,  strong  west-southwest  winds, 
and  mountain  ranges  oriented  nearly  at  right  angles  to  the  flow  of 
air.  Melting  snow  augmented  by  rain  falling  on  frozen  ground  pro- 
vided excessive  quantities  of  runoff.  As  much  as  20  inches  of  rain 
fell  in  some  areas.  The  suspended-sediment  concentrations  and  loads 
of  most  streams  greatly  exceeded  any  that  previously  had  been  meas- 
ured in  the  flood-affected  area.  The  ground  thaw  that  occurred 
during  the  flood  period  resulted  in  conditions  conducive  to  severe 
erosion  of  the  uplands  and  subsequent  silt  deposition  on  flooded 
stream  terraces. 

The  hurricane-force  winds  that  struck  the  west  coast  of 
Washington  and  Oregon,  October  11-13,  1962,  resulted  in  one  of  the 
major  weather  catastrophies  in  the  region's  history.  Winds  exceed- 
ing 100  mph  were  recorded  at  a number  of  places,  with  record  of 
peak  gusts  lost  at  most  stations  because  of  power  failures.  Three 
storm  centers  reached  the  coast  in  rapid  succession  and  resulted  in 
three  days  of  high  winds  and  excessive  rains  that  caused  damage  of 
about  $250  million  and  took  an  estimated  50  lives.  In  western 
Oregon,  84  homes  were  destroyed  and  more  than  5,000  severely  dam- 
aged. An  estimated  70,000  telephones  were  out  of  operation  and 
some  400,000  to  500,000  homes  were  without  electric  power.  In 
western  Washington,  39,000  telephones  were  out  of  service  and  prop- 
erty damage  was  high.  An  estimated  400  million  board  feet  of 
timber  was  blown  down. 

A similar,  but  more  severe,  windstorm  occurred  on  January  29, 
1921,  when  the  estimated  maximum  wind  velocity  was  112  mph  and  about 
6 billion  board  feet  of  timber  was  badly  splintered  and  blown  down. 
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Humidity 

The  atmosphere  west  of  the  Cascade  Range  is  naturally  moist 
because  of  its  proximity  to  the  sea  and  the  frequency  of  storms  in 
winter.  Stations  nearest  tidewater  show  the  highest  average  rela- 
tive humidity.  The  average  usually  is  more  than  80  percent  through- 
out the  year  on  the  ocean  coast;  but  at  interior  stations  it  is 
somewhat  below  80  percent  during  the  warmest  part  of  winter  days 
and  generally  drops  below  50  percent  in  the  late  afternoon  through- 
out much  of  the  summer.  Periods  of  unusually  low  humidity  accompany 
east  and  northeast  winds  causing  extreme  fire  danger. 

East  of  the  Cascade  Range  there  normally  is  a wide  range  in 
the  relative  humidity  from  the  time  of  occurrence  of  minimum  tem- 
perature in  the  morning  to  the  time  of  maximum  temperature  in  the 
afternoon.  The  humidity  is  comparatively  high  in  winter  months, 
although  in  the  warmer  half  of  the  year  it  is  moderate  to  low,  and 
in  summer  afternoons  it  is  generally  from  very  low  to  extremely  low. 


Sunshine 

Cloudiness  shows  a marked  variation  from  summer  to  winter 
throughout  the  region.  Marine  influence,  combined  with  normal 
storm  patterns  in  winter,  causes  much  cloudiness  west  of  the  Cascade 
Range.  In  the  western  valleys  there  are  about  75  clear  days  a year, 
85  partly  cloudy  days,  and  200  cloudy  days.  In  the  mountains,  there 
are  more  cloudy  days.  Expressed  somewhat  differently,  the  amount  of 
sunshine  received  each  month  ranges  from  approximately  20  percent  of 
the  amount  possible  in  winter  to  65  percent  or  more  in  summer. 

East  of  the  Cascade  Range  there  is  more  sunshine,  about  110 
clear  days,  90  partly  cloudy  days,  and  160  cloudy  ones.  The  amount 
of  sunshine  received  each  month  ranges  from  about  20  percent  of  the 
amount  possible  in  winter  to  80  percent  or  more  in  summer. 

Local  areas  vary  somewhat  from  the  above  figures.  For  ex- 
ample, in  much  of  Subregion  12  the  sun  shines  about  50  percent  of 
the  time  possible  in  winter. 


SURFACE  WATER 

The  Columbia  River  is  the  principal  stream  draining  the 
Columbia-North  Pacific  Region.  Excluding  that  part  in  Canada,  the 
basin  contains  219,392  square  miles  or  80  percent  of  the  region's 
total  drainage  area,  and  discharges  an  average  of  168,850  cfs  or 
54.5  percent  of  the  water  in  the  region.  The  Canadian  contribution 
to  the  Columbia  River  is  about  73,000  cfs  from  39,500  square  miles 
of  drainage  area.  Subregion  12  is  the  only  part  of  the  region 
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lying  east  of  the  Cascade  Range  that  is  not  tributary  to  the 
Columbia  River  Basin.  Even  though  that  subregion  represents  6.5 
percent  of  the  region's  area,  it  contributes  less  than  1 percent 
of  the  water.  The  Puget  Sound  and  Coastal  Subregions  include  only 
[ 13.5  percent  of  the  region's  area  but  contribute  45  percent  of  the 

water  discharged.  Geographic  differences  in  mean  annual  runoff  are 
shown  in  figure  8.  Figure  8A  (watershed  area  and  runoff  diagram) 
shows  the  accumulated  average  annual  runoff  and  drainage  areas  at 
various  points  for  the  Columbia  River  and  tributaries,  for  the  50- 
year  period  1897-1946. 

The  Rogue  River  in  southern  Oregon  is  the  largest  coastal 
stream  draining  directly  into  the  Pacific  Ocean.  It  has  an  average 
discharge  of  11,300  cfs  at  Gold  Beach  from  a drainage  area  of  5,160 
square  miles.  The  largest  stream  draining  into  Puget  Sound  is  the 
Skagit  River  with  an  average  discharge  of  16,400  cfs  at  Mount  Vernon 
from  a drainage  area  of  3,093  square  miles,  including  400  square 
miles  in  Canada. 


Quantity 


The  total  average  discharge  produced  from  within  the  region, 
under  1970  conditions  of  development,  is  310,000  cfs.  About  66  per- 
cent of  this  water  originates  on  the  west  side  of  the  Cascade  Range 
on  about  20  percent  of  the  region's  area.  In  addition,  Canada  contri- 
butes about  74,000  cfs,  making  a total  of  384,000  cfs  or  278  million 


Table  l - Water  Withdrawn  and  Consumed  for  All  Uses  in  Various  Regions  of  the 
Conterminous  United  States,  1960 


Average  Runoff 

Water 

Withdrawn 

Water 

Consumed 

Region 

(Rpd)  ±/ 

(mgd)  U 

(wgd)  1/ 

Percent  1/ 

(mgd)  1/ 

Percent  1/ 

Columbia-North  Pacific 

44 , 900 

252,000 

32,000 

13 

8,400 

3 

South  Pacific 

4,300 

64,000 

33,000 

52 

13,000 

20 

Great  Basin 

9,500 

10,000 

7,000 

70 

3,300 

33 

Colorado 

7,400 

13,000 

14,000 

108 

7,100 

55 

Upper  Missouri 

4,600 

28,600 

20,200 

71 

7,450 

26 

Upper  Arkansas-Red 

3,200 

11,000 

5,500 

50 

3,200 

29 

Western  Gulf 

5,200 

52,000 

22,000 

42 

9,200 

18 

Upper  Mississippi 

5,100 

62,000 

1 1 , 000 

18 

570 

1 

Lower  Missouri 

10,000 

23,000 

1 ,600 

7 

200 

1 

Lower  Arkansas-Red-White 

19,000 

79,000 

4,900 

6 

850 

l 

Lower  Mississippi 

10,500 

49,000 

5,300 

11 

1,300 

3 

Southeast 

10,400 

209,000 

18,900 

9 

2,010 

1 

Tennessee-Cumber land 

13,400 

59,000 

7,500 

13 

400 

1 

Ohio 

6,000 

110,000 

24,000 

22 

800 

l 

Western  Great  Lakes 

3,  100 

42,000 

16,000 

38 

510 

1 

Eastern  Great  Lakes 

3,200 

40,000 

13,000 

32 

420 

1 

Chesapeake 

5,000 

51,000 

7,100 

14 

320 

1 

De  laware-Hudson 

1,400 

32,000 

20,000 

62 

830 

3 

New  England 

6,600 

67,000 

6,400 

10 

290 

1 

i./  Definitions:  gpd  - gallons  per  person  per  day. 

mgd  - millions  of  gallons  per  day. 
percent  - percent  of  average  annual  runoff. 

Note:  Columbia-North  Pacific  runoff  includes  45,000  n^d  inflow  from  Canada. 

Source:  G.  L.  Bodhaine  and  others  (4). 
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acre-feet  annually.  Of  this,  the  Columbia  River  discharges  239,700 
cfs  (175.7  million  acre-feet)  or  almost  64  percent  of  the  total. 

National  water-use  data  for  1960  are  shown  in  table  1 for 
average  runoff,  water  withdrawn,  and  water  consumed  in  various 
parts  of  the  United  States.  The  greatest  quantities  of  runoff  occur 
in  the  Columbia-North  Pacific  and  Southeast  Regions,  with  the  per- 
person  availability  being  largest  in  the  Columbia-North  Pacific 
Region.  This  region,  however,  withdraws  and  consumes  a greater  per- 
centage of  its  water  than  several  other  regions,  such  as  New  England 
and  the  Southeast.  In  fact,  in  some  areas  such  as  Subregions  4 and 
5,  irrigation  probably  depletes  streamflow  more  than  30  percent, 
placing  this  part  of  the  region  in  as  high  a consumption  category 
as  the  other  regions  in  western  United  States. 

Present  Utilization 

East  of  the  Cascade  Range  water  withdrawals  for  irrigation 
account  for  more  than  95  percent  of  the  water  diverted  for  consump- 
tive purposes.  West  of  the  Cascade  Range,  in  the  more  populated 
areas,  70  percent  of  the  withdrawals  for  water-consuming  purposes 
is  for  public  water  supply  and  self-supplied  industrial  uses.  For 
the  entire  region,  irrigation  accounts  for  more  than  95  percent  of 
the  consumption  of  withdrawn  waters.  Thermal  power  is  relatively 
unimportant  at  present,  as  practically  all  the  electrical  power 
produced  is  hydroelectric.  Counting  the  water  each  time  it  passes 
through  a plant,  about  838  million  acre-feet  of  water  is  used  an- 
nually in  the  production  of  hydroelectric  energy.  Navigation  is 
important  on  the  lower  reaches  of  the  Columbia  River  and  its  main 
tributaries,  the  Willamette  and  Snake  Rivers.  A few  of  the  smaller 
streams,  such  as  the  Skagit  River,  are  also  used  for  navigation, 
and  estuaries  provide  harbors  for  ocean-going  vessels.  Recreation 
is  rapidly  becoming  an  important  water  use.  All  waters  are  used  to 
some  extent  for  fish  and  wildlife.  The  abundance  of  water  in  most 
areas  has  led  to  its  general  use  in  transportation  and  dilution  of 
waste,  but  pollution  has  become  a problem  in  certain  areas  where 
such  use  is  intensive. 

Data  showing  comparative  diversion  or  withdrawals  of  water 
for,  and  estimates  of  water  consumed  by,  various  purposes  in  1965 
are  listed  in  table  2.  These  figures  were  prepared  in  1967  by  the 
Subcommittee  on  Coordinated  Planning,  Pacific  Northwest  River  Basins 
Commission,  as  a part  of  the  National  Assessment  of  water  use.  The 
functional  appendices  will  contain  more  recent  data. 


Stream  Management 

The  measurement,  storage,  release,  regulation  of  diversions, 
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flow  guidance,  and  conservation  of  the  waters  constitute  stream 
management.  Competition  for  water  among  the  myriad  of  users  has 
necessitated  effective  stream  management  to  insure  that  each  use 
receives  its  fair  or  legal  entitlement.  Considerable  progress  has 
been  made  toward  efficient  stream  management,  and  a brief  summary 
of  present  arrangements  and  constraints  includes  the  means  for 
physical  control  of  the  streamflow,  the  criteria  for  control,  and 
the  legal  restrictions  and  constraints  involved.  The  stream- 
management  system  has  been  outlined  first  by  international  and 
national  agencies.  The  Columbia  Basin  Inter-Agency  Committee  and, 


more 

recent ly , 

the  Pacific 

Northwest 

River  Basins 

Commission  have 

Table  2 - 

Water  Used  in 

1965,  Columbia-North  Pacific  Region— ^ 

Self- 

Total 

Sub- 

Public 

Supplied 

Consumptive 

Recre- 

region 

Supplies 

Industry 

Irrigation 

Uses 

Power 

ation 

1000  acre-feet 

1000  acres 

Water  Withdrawn 

i 

146.9 

114.6 

1,587 

1,879 

105,906 

452 

2 

45.4 

14.4 

2 , 896 

2,971 

316,174 

288 

3 

38.6 

9.1 

2,395 

2,463 

1,671 

28 

4 

50. 1 

64.1 

12,755 

12,896 

37,308 

266 

S 

43.6 

87.8 

5,932 

6,089 

42,746 

171 

6 

28.1 

122.9 

791 

953 

25,619 

8 i 

7 

62.8 

186.0 

1,866 

2,126 

256,473 

95 

8 

19.7 

370.2 

31 

424 

12,415 

74 

9 

202.7 

571.6 

389 

1,214 

18,641 

106 

10 

132.4 

296.0 

262 

712 

4,798 

154  3 

11 

465.2 

264.2 

172 

952 

16 , 066 

101 

12 

2.4 

33.6 

498 

538 

0 

94 

TOTAL 

1,237.9 

2,134.5 

29,574 

33,218 

837,817 

1,910  J 

Water  Consulted 

• 

I 

23.7 

12.7 

638 

700 

2 

10.9 

1.1 

1,346 

1,372 

■ 

3 

9.2 

< 7 

952 

979 

4 

2.9 

4.9 

4,138 

4,169 

S 

3.0 

9.7 

2,311 

2,345 

6 

3.6 

1.8 

320 

336 

7 

22.4 

6.8 

674 

712 

8 

2.0 

3.9 

15 

2 0 

• 

9 

40.3 

25.2 

272 

377 

10 

20.8 

15.1 

158 

212 

11 

63.8 

28.9 

105 

234 

12 

1.1 

.6 

321 

326 

TOTAL 

203.8 

111.4 

11,252 

1 1 , 785 

1/  Compi 

led  from  data 

prepared  for 

the  first  National  Water  Assessment. 

More  i 

accurate  data  may 

be  given  in  the  functional 

appendices  . 
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established  many  guidelines.  Among  these  are  fitted  the  rules  of 
the  operating  agencies  or  organizations,  which,  in  turn,  control 
the  individual  sets  of  project  operations. 

Physical  control  and  management  of  the  streams  include  the 
development  and  operation  of  storage  and  diversion  facilities  and 
the  maintenance  or  modification  of  channels. 

There  are  more  than  160  impoundments  in  the  region  having 
total  capacities  greater  than  5,000  acre-feet.  Usable  storage  ca- 
pacity of  the  principal  reservoirs  and  regulated  lakes  in  1960  was 
nearly  30  million  acre-feet;  by  1970  it  will  be  about  42  million 
acre-feet.  A number  are  multi-purpose  in  that  they  serve  two  or 
more  purposes.  Main  functions  of  the  reservoirs  include  flood  con- 
trol, recreation,  hydroelectric  power  generation,  irrigation,  navi- 
gation, municipal  water  supply,  and  fishery  enhancement . Generally, 
power  generation  is  the  most  widespread  function  of  the  region's 
impoundments.  Irrigation  and  flood  control  are  also  significant. 
While  not  the  primary  stimulant  for  reservoir  construction,  exten- 
sive recreational  use  is  a major  result  and  continues  to  grow. 

Fishery  enhancement  is  not  as  significant  as  are  other  functions, 
but  minimum  flows  are  maintained  in  many  streams  for  this  use. 

Diversions  are  widespread  over  the  region,  most  being  for 
irrigation.  Many  of  the  agricultural  areas  rely  on  stream  diver- 
sion to  augment  a deficient  water  supply  during  the  growing  season. 
Much  of  the  water  management  is  carried  on  by  individuals,  districts, 
and  State  Watermasters  regulating  flow  to  meet  the  distribution 
requirements  of  conflicting  uses.  Most  diversion  takes  place  in  the 
eastern  subregions. 

Channel  modification  is  not  as  significant  as  the  other  oper- 
ations but  is  employed  almost  everywhere  to  some  extent.  Most  of  the 
modifications  concern  flood  control,  conservation,  and  navigation 
and  consist  of  levees,  revetments,  dikes,  channel  rectification,  and 
dredging.  The  modifications  are  undertaken  only  when  economically 
justifiable.  Concentration  of  this  operation  is  in  the  Willamette 
Subregion,  but  some  major  streams  in  other  subregions  have  been 
modified  considerably.  Channel  modification  has  frequently  had  an 
adverse  effect  on  recreation  and  fish. 

The  criteria  for  control  of  stream  flow  include  first  the 
forecasting  of  amounts  and  then  the  establishment  of  elevation 
limits  for  storage  and  maximum  and  minimum  rates  of  flow.  Forecast- 
ing is  used  chiefly  in  flood  warning  and  to  provide  a maximum  of 
stored  water  for  irrigation,  power  generation,  and  municipal  use. 
Existing  flood-warning  systems  in  the  Willamette  and  Puyallup  River 
basins  combine  Telemark  instruments  with  radio  transmission  from 
several  outlying  locations  to  central  points.  The  Weather 
Bureau  also  operates  a general  flood-warning  system  in  times  of 
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major  flood  danger. 


Forecasts  of  seasonal  quantities  of  water  available  for 
storage  are  made  using  data  on  snow  surveys,  precipitation,  ante- 
cedent conditions,  and  other  parameters.  These  are  processed  by 
digital  computer  and  results  are  updated  each  month  as  new  data  are 
obtained.  In  addition,  the  distribution  of  runoff  for  the  Columbia 
River  and  tributaries  is  forecast  daily  by  computer  during  the 
period  of  heavy  runoff. 

There  are  many  legal  restrictions  and  other  constraints  to 
stream  management.  The  most  important  are  the  international  trea- 
ties, such  as  the  Boundary  Waters  Treaty  with  Canada,  signed  on 
January  11,  1909,  and  proclaimed  by  the  President  on  May  13,  1910. 
For  boundary  waters  it  provides  navigation  restrictions;  control 
of  use,  diversions  and  obstructions;  pollution  control;  and  an 
International  Joint  Commission  with  jurisdiction  over  these  matters. 
(See  Appendix  III  for  more  detail.) 

Another  treaty  with  Canada,  relating  to  Cooperative  Develop- 
ment of  the  Water  Resources  of  the  Columbia  River  Basin,  was  signed 
on  January  17,  1961,  and  became  effective  on  January  22,  1964.  It 
provides  for  the  construction  of  Duncan,  Arrow,  and  Mica  Dams  by 
Canada  within  9 years  and  for  the  construction  of  Libby  Dam  by  the 
United  States  by  1972.  Power  and  flood-control  benefits  are  de- 
scribed, including  the  manner  of  sharing  them  by  both  countries. 
Provisions  are  made  for  diversions,  designation  ofoperating  entities, 
establishment  of  a Permanent  Engineering  Board,  limitations  on 
liabilities  for  damages,  and  eventual  restoration  of  the  pre-Treaty 
legal  position. 

During  the  period  1854-56,  the  United  States  made  some  11 
treaties  with  Indian  tribes  of  the  Pacific  Northwest.  The  treaties 
generally  provided  that  the  Indians  were  to  have  the  right  to  fish 
both  on  and  off  specified  reservations.  Accordingly,  it  is  possible 
that  some  use  of  the  water  or  waterways  will  be  affected  by  these 
provisions.  Also,  the  United  States  Supreme  Court  has  held  that, 
with  respect  to  the  rights  reserved  by  the  United  States  for  irri- 
gation of  Indian  reservations,  the  waters  involved  are  exempt  from 
appropriation  under  State  law.  This  has  resulted  in  restriction 
of  the  right  to  use  water  from  those  streams  which  flow  through  or 
are  adjacent  to  the  boundaries  of  Indian  reservations. 

A state  compact  affecting  stream  management  is  the  Snake 
River  Compact  ratified  by  Idaho  and  Wyoming  in  February  1950. 

Still  other  agreements  affecting  stream  management  are  a 
land-use  agreement  between  the  city  of  Seattle  and  Canada  concern- 
ing Ross  Reservoir  on  the  Skagit  River;  the  Water  Supply  Act  of 
1958  providing  space  for  water  supply  at  Federal  storage  projects. 
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Some  Federal  Power  Commission  licenses  include  provisions 
limiting  the  flow,  or  the  rate  of  change  in  stage,  below  specified 
powerplants,  and  the  license  for  Mossyrock  on  the  Cowlitz  River 
stipulates  operation  for  control  of  floods. 

In  September  1964,  the  Pacific  Northwest  Coordination  Agree- 
ment, effective  until  the  year  2003,  was  consummated  by  16  electrical 
power  systems  of  the  Pacific  Northwest.  Included  in  the  agreement 
were  all  members  of  the  Northwest  Power  Pool  that  were  involved  in 
the  development  of  the  non-Federal  run-of-river  projects  on  the 
Columbia  River.  As  the  basis  for  the  agreement,  they  set  forth  12 
principles  which  provided  that  downstream  parties  should  have  cer- 
tain rights  in  the  regulation  of  upstream  storage.  In  exchange  for 
these  rights,  the  downstream  parties  would  pay  a share  of  the  costs 
of  building,  maintaining,  and  operating  the  upstream  storage  project. 
Other  rights  and  obligations  of  parties  were  also  included  in  the 
principles . 

The  Agreement  is  a complex  and  detailed  contract  providing 
many  forms  of  coordinated  operations.  At  the  same  time  it  contains 
certain  basic  fundamentals  of  coordination.  It  provides  that 
system-regulation  studies  will  be  made  wherein  the  most  adverse 
historical  streamflow  sequence  (critical  streamflow  period)  for  the 
Pacific  Northwest  as  a whole  is  regulated  by  the  existing  hydro- 
electric system  to  serve  the  next  year's  estimated  load  demand. 

These  studies  determine  on  a monthly  basis  the  firm  energy  each  of 
the  coordinated  systems  could  produce  on  a coordinated  basis  with 
a recurrence  of  critical  flow  conditions.  Each  party  to  the  agree- 
ment is  entitled  to  the  amount  of  energy  thus  determined  for  his 
system  and  all  parties  agree  to  mutually  support  one  another  in 
producing  this  power  in  actual  operation. 

As  a result  of  the  Coordination  Agreement,  it  is  possible 
for  the  owner  of  a run-of-river  hydro  project,  with  no  upstream 
storage  under  his  control,  to  be  assured  of  an  amount  of  firm  energy 
greatly  in  excess  of  that  his  project  could  produce  without  coordin- 
ation. This  concept  of  guaranteed  firm  energy  is  fundamental  to 
the  Agreement. 

Operation  under  the  Agreement  provides  two  methods  for  a 
party  to  secure  firm  energy.  The  end-of-month  elevations  or  storage 
contents  of  all  storage  reservoirs  during  the  critical  streamflow 
period  are  determined  from  the  system  regulation  study  which  com- 
uted the  firm  energy  amounts.  These  elevations  define  a critical 
rule  curve.  A downstream  party  has  the  right  to  call  for  storage 
releases  down  to  the  critical  rule  curve  from  the  storage  reservoir 
of  any  upstream  party,  lie  also  has  the  right  to  purchase  interchange 
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energy  from  any  other  party  whose  actual  energy  resource  is  in 
excess  of  his  firm  energy. 

In  fulfilling  the  request  of  a downstream  party  for  storage 
release  the  reservoir  owner  has  an  option:  He  may  either  release 

the  storage  as  requested  or  supply  the  downstream  party  with  energy 
in  lieu  thereof  or  some  combination  of  the  two.  This  provision  of 
the  Agreement  prevents  the  waste  of  energy  in  the  coordinated 
system. 


Among  present  arrangements  for  managing  the  waters  of  the 
region,  the  constraints  involved  in  the  Flood  Control  Operating 
Plan  for  Columbia  River  Treaty  Storage  are  probably  the  most  ex- 
tensive, affecting  all  major  storage  reservoirs  of  the  Columbia 
River  Basin.  The  plan  provides  runoff  forecast  procedures,  both 
day-to-day  and  seasonal. 

In  general,  reservoir  storage  space  for  flood  control  oper- 
ation should  be  available  by  April  1 of  each  year  because  of  pos- 
sible flooding  during  April,  inability  to  evacuate  during  April, 
and  the  desirability  for  major  lakes  to  recede  naturally  to  normal 
minimum  elevations  before  the  flood  period. 

Since  normal  power  operation  does  not  guarantee  the  avail- 
able space  for  flood  control,  reservoir  releases  are  based  on 
monthly  runoff  volume  forecasts. 

Reservoir  refill  is  based  on  five  categories  as  follows: 

(1)  reservoirs  with  fixed  releases  operated  primarily  for  flood 
control  of  the  lower  Columbia  River;  (2)  those  operated  for  tribu- 
tary flood  protection,  with  incidental  lower  river  protection; 

(3)  major  lakes  controlled  by  dams  during  low-flow  periods;  (4) 
reservoirs  with  variable  releases  operated  primarily  for  flood 
control  of  the  lower  Columbia  River;  and  (5)  run-of-river  projects. 

The  primary  period  of  flood  regulation,  during  which  the 
Flood  Control  Operating  Plan  takes  precedence  over  other  operations 
is  defined  as  commencing  20  days  before  the  date  the  unregulated 
mean  daily  discharge  is  forecast  to  exceed  450,000  cfs  at  The 
Dalles,  and  ending  when  the  Flood  Control  Committee  declares  further 
flood  potential  no  longer  exists. 

In  operation  for  irrigation,  in  order  to  insure  refilling 
the  reservoirs,  the  evacuation  for  other  purposes  is  based  on  stor- 
age reservation  diagrams. 

In  general,  constraints  include  maintenance  of  sufficient 
minimum  flow  to  satisfy  prior  water  rights,  adequate  flow  for  normal 
resident  fish  population  and  anadromous  fish  runs,  adjustments  to 
accommodate  navigation,  and  releases  in  the  interests  of  pollution 
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abatement.  All  of  this  requires  stipulations  at  each  project  of 
maximum  and  minimum  outflows,  maximum  allowable  rate  of  change  in 
outflow,  and  minimum  and  normal  full  pool  elevations. 

The  Bureau  of  Reclamation,  the  Bonneville  Power  Administra- 
tion, and  the  Corps  of  Engineers  have  agreed  to  sponsor  the  Columbia- 
River  Water  Management  Group,  which  acts  as  a committee  to  consider 
problems  relating  to  operation  and  management  of  water  control  fa- 
cilities. The  committee  makes  recommendations  to  the  individual 
agencies  having  primary  responsibilities.  Particular  emphasis  is 
placed  on  coordination  of  river-system  operations  including  the 
efficient  performance  of  a hydrometeorological  system  required  for 
operation.  The  basic  objective  of  the  Group  is  to  facilitate  agree- 
ment among  the  agencies  in  the  interest  of  more  effective  and 
efficient  public  service  in  the  use  of  the  water  resources  of  the 
Pacific  Northwest.  The  Group  is  composed  of  representatives  of  the 
States  and  of  the  Federal  agencies  involved  in  the  operation  and 
management  of  water-control  facilities  or  forecasting  of  streamflows 
related  to  water  management  activities  in  the  Columbia  River  Basin 
and  contiguous  areas  in  western  Washington  and  Oregon. 

Additional  constraints  and  reservations  apply  to  other 
federally  owned  or  reserved  lands.  These  are  discussed  in  detail 
in  Appendix  III,  Legal  and  Administrative  Background. 

The  result  of  the  widespread  and  varied  water-management 
effort  has  been  to  reduce  winter  and  spring  flood-flow  runoff 
through  upstream  storage,  to  improve  low- season  flows  at  some 
points,  and  to  sharply  reduce  flows  below  large  diversion  works. 

These  effects  are  reflected  in  the  modified  flows  analyzed  in  this 
appendix . 

Surface-Water  Rights 

IVater  rights  for  each  subregion  have  been  discussed  in  some 
detail  in  each  subregion  report.  General  comments  applicable  to 
each  state  are  listed  in  this  section  of  the  report. 

I daho  Some  of  the  earliest  extensive  irrigation  diversions 
in  modern  America  were  in  Idaho.  In  1837,  a mission  near  Lewiston 
diverted  irrigation  water  from  Lapwai  Creek.  Irrigation  began  in 
the  Lemhi  Basin  in  1855,  and  in  Bear  Lake  Valley  in  1860. 

In  1881,  the  Idaho  Territorial  Legislature  passed  a law 
regulating  the  appropriation  of  water  and,  in  1887,  stated  "that 
the  right  to  the  use  of  flowing  water  may  be  acquired  by  appropri- 
ation, and  as  between  appropriations  priority  in  time  shall  secure 
priority  of  rights."  The  Constitution  of  Idaho  provides  that  "the 


right  to  divert  unused  water  from  any  natural  stream  to  beneficial 
use  shall  never  be  denied,  except  that  the  state  may  regulate  and 
limit  the  use  thereof  for  power  purposes."  Priority  for  use  is 
given  to  the  right  first  in  time  between  those  using  water;  but, 
when  the  water  of  any  natural  stream  is  not  sufficient  for  the  serv- 
ices of  all  those  desiring  to  use  it,  those  using  the  water  for 
domestic  purposes  shall  have  first  preference  over  those  claiming 
it  for  other  purposes,  and  those  using  the  water  for  agricultural 
purposes  shall  have  preference  over  those  using  it  for  manufacturing. 

Montana  The  Montana  Supreme  Court  in  1921  declared  that  the 
Doctrine  of  Appropriation  was  the  valid  Montana  water-right  law. 

The  right  is  limited  to  the  use  of  the  water.  Streams  in  Montana 
are  the  property  of  the  state  and  the  appropriator  acquires  only 
the  right  to  their  use,  and  this  use  must  be  beneficial. 

A water  right  in  Montana  can  be  lost  either  by  abondonment 
or  by  adverse  possession.  The  courts  have  held  that  the  right  to 
use  water  is  a property  right  on  real  estate  (so  much  so  that  it 
passes  with  the  land  even  if  not  mentioned  in  the  deed);  therefore, 
it  follows  that,  if  a person  uses  another's  water  right  for  5 years 
adversely,  openly,  continuously,  uninterruptedly,  notoriously,  and 
when  the  other  needed  the  water,  the  person  may  acquire  another's 
water  right  by  adverse  use. 

Inasmuch  as  the  Montana  laws  do  not  require  water  users  to 
file  official  records  of  the  completion  of  their  appropriations, 
and  there  are  no  restrictions  on  the  size  of  an  appropriation  for 
beneficial  use,  the  waters  of  a stream  may  become  overappropriated 
and  the  demand  may  exceed  the  supply.  Appropriators  are  required 
to  file  at  the  county  level  and  must  post  notices  of  appropriations. 
The  quantity  of  appropriated  water  is  a record  of  the  rights  to  use 
water  claimed  under  existing  statutes.  In  the  case  of  an  adjudi- 
“*  cated  stream,  the  quantity  of  appropriated  water  is  the  record  of 

water  rights  fixed  by  the  court  decree  and  might  be  a measure  of 
the  crop  irrigation  requirement  and  of  the  quantity  of  water  avail- 
able for  use. 


Nevada  The  basic  concept  of  the  present  Nevada  Water  Law 
was  developed  from  the  Act  of  1903  which  declared  that  all  natural 
water  courses  and  natural  lakes,  and  the  waters  thereof,  belong  to 
the  public  and  are  subject  to  appropriation  for  a beneficial  use. 

The  act  also  declared  that  the  right  to  the  use  of  water  so  appropri- 
ated for  irrigation  shall  be  appurtenant  to  the  land  to  be  irrigated, 
and  beneficial  use  shall  be  the  basis,  the  measure,  and  the  limit 
of  the  right.  The  Act  of  1913  provided  a law  for  the  conservation 
of  underground  waters  and  declared  all  sources  of  water  supply 
within  the  boundaries  of  the  state,  whether  above  or  beneath  the 
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surface  of  the  ground,  belong  to  the  public. 

Most  of  the  surface  water  originating  in  the  region  in 
Nevada  is  used  in  Idaho,  and  many  of  the  water  rights  have  been 
transferred  from  Nevada  to  properties  in  Idaho.  Only  a few  wells 
have  been  drilled  for  irrigation  purposes  in  Nevada  and  the  quan- 
tity of  ground  water  used  is  very  small. 

Water-rights  data  in  Nevada  are  being  summarized  but  the 
results  are  not  available  at  this  time. 


Oregon  All  waters  within  the  State  of  Oregon  from  all  sources 
(except  a spring  which  does  not  flow  into  a well-defined  channel  and 
off  the  property  of  origin,  under  natural  conditions)  are  declared 
by  statute  to  belong  to  the  public. 

Subject  to  existing  rights,  all  public  waters  within  the 
state  except  those  which  may  have  been  withdrawn  by  legislative 
action  or  by  order  of  the  State  Engineer  or  by  the  Water  Resources 
Board  may  be  appropriated  for  beneficial  use  by  complying  with  the 
requirements  of  the  Surface  Water  Code  or  the  Ground  Water  Act,  and 
not  otherwise. 

Oregon  is  essentially  an  appropriation-doctrine  state,  and 
the  terminology  "riparian  rights"  has  become  little  more  than  legal 
fiction.  In  cases  brought  before  the  Oregon  Supreme  Court  it  has 
held  that  the  1909  Water  Code  validly  abrogated  the  common-law  ri- 
parian rule  except  where  the  water  had  actually  been  applied  to 
beneficial  use  prior  to  its  enactment,  which,  in  effect,  makes  it 
an  appropriative  right. 

The  appropriation  of  the  surface  waters  of  the  State  of 
Oregon,  which  include  the  waters  of  rivers,  lakes,  streams,  springs, 
waste  waters,  and  waters  stored  in  reservoirs  and  other  surface 
sources,  is  governed  by  provisions  of  the  Surface  Water  Code,  which 
was  adopted  on  February  24,  1909,  and  subsequent  acts.  Nothing  in 
the  Code,  however,  is  so  construed  as  to  take  away  or  impair  the 
vested  right  of  any  person,  firm,  corporation,  or  association  to 
any  right  for  surface  waters  which  was  initiated  prior  to  February- 
24’,  1909. 

A legal  right  for  any  surface  water  appropriation  initiated 
after  February  24,  1909,  can  be  established  only  through  applica- 
tion of  water  to  beneficial  use  under  the  terms  of  a water  right 
permit  issued  by  the  State  Engineer.  A claim  to  a vested  right  by- 
virtue  of  use  prior  to  February  24,  1909,  and  continued  use  there- 
after, can  be  determined  and  made  a matter  of  record  only  through 
a legal  proceedings,  known  as  an  adjudication.  This  proceeding 
involves  several  administrative  steps  by  the  State  Engineer  and  is 


concluded  by  a decree  of  the  Court. 

Adjudication  proceedings  have  been  completed  for  most  of 
the  major  stream  systems  in  eastern  and  southern  Oregon,  but  only 
for  a few  of  the  stream  systems  in  the  remainder  of  the  state. 

New  water  rights  are  obtained  through  tiie  State  Engineer 
and  the  water  right  remains  valid  and  in  force  so  long  as  it  is 
not  lost  through  intentional  abandonment  or  through  nonuse  for  a 
period  of  5 successive  years  or  more.  Under  this  system  as  of 
July  15,  1969,  there  had  been  issued  5,404  reservoir  permits  and 
34,009  surface  water  permits. 

With  the  establishment  of  the  State  Water  Resources  Board 
in  1955,  a single  agency  was  created  to  hold  hearings  and  issue 
state  water  policy  statements  on  unappropriated  water  for  each  of 
the  river  systems  in  Oregon.  These  water  policy  statements,  among 
other  things,  may  set  minimum  flow  requirements  and  limit  partially 
or  entirely  uses  to  which  water  may  be  put. 

While  subsequent  applications  for  water  rights  are  subject 
to  the  provisions  of  the  water  policy  statement,  nothing  in  the 
statement  is  construed  to  take  away  or  impair  any  right  to  any  water 
or  to  the  use  of  any  vested  and  inchoate  right  acquired  prior  to 
the  adoption  of  the  State  Water  Resources  Board  policy. 

Some  restraints  to  the  appropriation  of  water  may  be  contained 
in  the  State  Water  Resources  Board  water  policy  statements.  Other 
withdrawals  are  statutory  in  nature  under  Chapter  538  of  the  Oregon 
Revised  Statutes.  Also  the  State  Engineer  has  withdrawn  certain 
streams  from  further  appropriation.  Detailed  limits  such  as  duty, 
season  of  use,  and  total  unused  quantities  are  stated  in  the  per- 
mits and  court  decrees. 

The  State  Engineer  has  authority  to  declare  critical  ground 
water  areas  and  may  limit  well  drilling  or  impose  other  rules  in 
these  areas  to  prevent  mining  of  the  ground  water. 

While  requirements  of  the  State  Sanitary  Authority  do  not 
directly  affect  diversions  of  water,  they  can  have  a very  real  and 
practical  effect  in  limiting  the  condition  of  the  waters  returning 
to  the  streams.  Construction  of  diversion  structures  and  pump 
stations  are  subject  to  rules  and  regulations  of  the  State  Fish  and 
Game  Commissions. 

The  State  Engineer  administers  distribution  of  water  in  the 
state  through  a system  of  15  watermaster  districts.  Records  of 
gaging  stations  (not  available  in  the  USGS  water  supply  papers) 
established  for  water  administration  are  published  and  available 
upon  request . 


Utah  All  waters  in  the  State  of  Utah,  whether  above  or 
under  the  ground,  are  the  property  of  the  public  and  beneficial 
use  is  the  basis,  the  measure,  and  the  limit  of  all  rights  to  the 
use  of  water  in  the  state.  All  applications  for  the  appropriation 
of  water  must  be  made  to  the  State  Engineer,  and  between  appropri- 
ators,  the  one  first  in  time  shall  be  first  in  rights.  No  right  to 
the  use  of  water,  either  appropriated  or  unappropriated,  can  be 
acquired  by  adverse  use  or  adverse  possession. 

Washington  In  the  State  of  Washington  the  basis  for  most 
laws  governing  the  appropriation  of  surface  waters  is  set  forth  in 
Chapter  117,  Laws  of  1917.  This  chapter,  now  known  as  the  Surface 
Water  Code,  firmly  established  the  appropriative  doctrine  but  rec- 
ognized existing  rights  of  riparian  owners  and  other  users  that 
were  existing  prior  to  the  effective  date  of  the  code.  To  fix  the 
extent  of  these  precode  rights,  an  adjudication  procedure  was  also 
established . 

The  agency  presently  responsible  for  administering  the  state 
water  code  is  the  Department  of  Water  Resources.  This  agency  had 
on  record  as  of  April  30,  1967,  approximately  16,838  active  surface 
water-right  records  in  the  form  of  permits  and  certificates  estab- 
lished under  the  standard  appropriation  procedure  and  by  adjudication. 
During  the  summer  period  when  low  flows  are  critical,  the  recorded 
prime  rights  under  both  procedures  allow  diversions  totaling 
1,232,611.67  cfs  from  all  surface-water  sources  in  the  state.  Of 
this  total,  1.8,139.59  cfs  is  used  consumptively,  52,870.62  cfs  is 
partially  consumptive  to  the  various  sources  of  supply,  and 
1,161,504.14  cfs  of  the  total  diverted  water  is  nonconsumptive  to 
the  surface  waters  of  the  state.  Definitions  of  the  terms  consump- 
tive, partially  consumptive,  and  nonconsumptive  are  as  follows: 

Consumptive,  Surface  Water  (1)  Where  there  is  a definite 
* diversion  of  water  from  a surface-water  source  and,  neglecting 

transportation  losses  (seepage  and  evaporation),  the  full  amount  of 
the  diversion  is  not  returned  directly  to  the  original  source  body 
or  any  other  surface-water  body  by  means  of  a definite  surface- 
water  course,  channel,  or  pipe.  (2)  Where  there  is  a definite 
diversion  of  water  from  a surface-water  source  for  a consumptive 
type  of  use  such  as:  irrigation,  domestic  supply,  etc. 

Partially  Consumptive,  Surface  Water  (1)  Where  the  fu 1 1 
amount  of  diversion  from  a surface-water  source  (neglecting  trans- 
portation losses)  is  returned  to  the  same  surface-water  source  at 
a point  farther  than  25  feet  downstream  from  the  point  of  diversion. 
(2)  Where  the  full  amount  of  a diversion  from  a surface-water  source 
(neglecting  transportation  losses)  is  returned  to  another  tributary 
source  within  the  same  drainage  system.  (3)  Where  the  ful I amount 
of  a diversion  from  a surface-water  source  (neglecting  transportation 
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losses)  i_£  returned  to  another  surface-water  source  outside  the 
complete  drainage  system  (to  salt  water)  in  question. 

Nonconsumptive,  Surface  Water  (1)  Where  no  water  is 
diverted  from  the  confines  of  the  surface-water  source  area  or 
channel.  (2)  Where  the  waters  used  under  a right  pass  over,  through, 
or  around  an  onstream  project  structure  without  passing  outside  of 
the  natural  confines  of  the  stream  channel.  (3)  Where  the  waters 
used  under  a right  are  diverted  (effectively)  at  the  upstream  edge 
of  a project  structure  and  the  ful 1 amount  of  the  diversion  (neg- 
lecting transportation  losses)  is_  returned  to  the  same  stream  chan- 
nel (effectively)  at  the  downstream  edge  of  the  project  structure. 

(4)  Where  the  ful 1 amount  of  a diversion  from  a surface-water 
source  (neglecting  transportation  losses)  is  returned  to  the  same 
surface-water  source  no  farther  than  25  feet  downstream  from  the 
point  of  diversion.  (5)  Where  the  full  amount  of  a diversion  from 
a surface-water  source  is  returned  to  the  same  source  at  any  loca- 
tion upstream  from  the  point  of  diversion  (neglecting  transportation 
losses) . 


In  addition  to  prime-right  quantities,  782.92  cfs  has  been 
allocated  under  supplemental  rights.  Such  rights  allow  a water 
user  the  privilege  of  obtaining  his  needed  supply  from  one  or  more 
additional  or  alternative  sources,  but  a supplemental  right  does 
not  increase  the  diversion  quantity  permitted  under  the  original 
prime  right  held  by  the  water  user. 

All  surface-water  rights  involving  consumptive  diversions 
are  presently  issued  with  total  annual  quantity  limitations.  This 
practice,  however,  has  only  been  in  effect  for  a relatively  short 
time;  thus  the  total  annual  limitation  of  surface-water  diversions 
cannot  be  accurately  assessed  from  existing  records. 

Recorded  reservoir-storage  rights  (permits  and  certificates) 
in  the  State  of  Washington  allow  a total  of  12,337,436  acre-feet 
per  year  to  be  retained  in  storage  for  eventual  application  to  bene- 
ficial use.  This  figure  does  not  include  either  vested  storage 
rights  obtained  by  virtue  of  use  prior  to  1917  or  the  rights  of  the 
Federal  government  associated  with  major  dams  and  reservoirs  on  the 
main  stems  of  the  Columbia  and  Snake  Rivers. 


All  water-right  quantities  in  the  State  of  Washington  have 
been  summarized  by  location  in  geographic  units  called  "Water 
Resource  Inventory  Areas"  (abbreviated  W.R.I.A.).  Each  of  these 
areas  basically  encompasses  a major  drainage  basin  and/or  several 
small  stream  drainages.  The  location  of  each  W.R.I.A.  is  shown  on 
maps  in  the  Water  Rights  sections  of  the  subregion  reports.  The 
approximate  relationships  between  groups  of  W.R.I.A. 's  and  the 
corresponding  Columbia-North  Pacific  subregions  are  shown  below: 
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Columbia-North  Approximate  W.R.l.A.'s 

Pacific  Subregion  in  Subregion 


1 

2 

3 

6 

7 

8 
10 
11 


54-57,  62 
36,40-53,  58-61 
37-39 
33-35 
29-32 
25-28 
19-24 
1-18 


In  each  subregional  water-right  discussion,  the  legally  ap- 
propriated quantities  are  generally  presented  in  terms  of  total 
prime  actual  water-right  quantities  and  total  quantities  that  may 
be  diverted  for  general  purpose-of-use  categories.  Since  water 
rights  often  specify  a single  quantity  for  two  or  more  purposes  of 
use,  it  is  theoretically  possible  to  use  the  entire  quantity  as  a 
maximum  for  either  use.  Consequently,  the  summaries  of  quantities 
by  use  often  involve  considerable  duplication  and  totals  for  all- 
use categories  will  generally  exceed  the  actual  prime  water-right 
quantity  total. 


Wyoming  Within  the  limitations  of  the  Snake  River  Compact 
between  Idaho  and  Wyoming,  individual  rights  to  the  diversion  of 
natural  flow  on  the  main  stream  of  the  Snake  River  and  its  tribu- 
taries are  on  a priority  basis  and  have  been  established  through 
numerous  court  decrees  or  through  permits  according  to  state  law. 

Depending  upon  the  state  involved,  these  rights  are  given  priority 
according  to  the  date  of  the  original  filing  or  use,  with  the 
earliest  priority  dating  back  to  1880.  Storage  allocations  are 
made  to  individual  irrigators  or  reservoir  owners  each  year  accord- 
ing to  the  amount  of  space  owned  in  the  different  reservoirs  and  1 

the  available  water  stored  in  them. 


Discharge 

The  base  period  selected  for  the  Columhia-North  Pacific 
Region  hydrologic  study  is  1929-58.  Water  years  are  generally 
used;  however,  the  3-month  period,  Ju ly-September  1928,  is  included 
to  complete  the  fiscal  30-year  period;  and  the  fiscal-year  data  are 
used  in  power  studies  and  in  much  of  the  program  related  to  the 
Canadian  Treaty. 

Long-term  streamflow  records  in  the  Pacific  Northwest  indi- 
cate that  both  very  low  and  very  high  monthly  and  annual  flows 
occurred  during  the  base  period.  Records  for  the  Columbia  River 
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at  The  Dalles,  Oregon,  representing  72  percent  of  the  entire 
regional  area,  show  that  the  observed  mean  discharge  of  171,300 
cfs  (including  inflow  from  Canada)  during  the  30-year  base  period 
is  about  88  percent  of  the  long-term  (87-year)  mean.  Quinault 
River  at  Quinault  Lake,  Washington,  a typical  coastal  stream,  shows 
a base-period  mean  discharge  equal  to  99  percent  of  its  long-term 
(54-year)  mean.  The  subregion  reports  show  other  examples  where 
base-period  means  of  typical  streams  are  representative  of  long- 
term means.  Thus,  the  selected  base  period  provides  reasonably 
average  data  for  statistical  analyses  and  other  studies. 

A primary  reason  for  selecting  the  1929-58  base  period  is 
that  the  same  period  has  been  used  for  many  years  by  the  Columbia 
Basin  Inter-Agency  Committee  in  its  studies  of  modified  flows  at 
designated  points  in  the  Pacific  Northwest.  It  is  used  by  many 
individual  agencies  in  their  Columbia  Basin  and  other  water  studies. 
Irrigation  depletions  and  storage  and  regulation  for  flood  control 
and  power  production  are  included  in  the  determination  of  modified 
flows.  These  studies,  which  are  programed  for  the  digital  computer, 
regularly  undergo  revision.  Bonneville  Power  Administration's  recent 
computer  study  number  75-8  was  selected  for  use  in  this  report. 

This  study  gives  mean-monthly  historical  flows  for  the  30-year  base 
period  (fiscal  1929-58)  modified  for  evaporation  and  irrigation 
depletions  as  of  about  the  1970  level  of  development,  regulated  for 
flood  control  by  dams  existing  or  under  construction  by  1970,  and 
regulated  for  power  production  to  meet  anticipated  1975  level  power 
loads.  Discharges  at  some  sites  were  modified  a second  time  for 
more  precise  flood  control  operations.  Many  of  the  sites  on  main- 
stem  and  principal  tributary  streams  used  in  the  computer  study  are 
the  same  ones  that  are  being  used  in  the  Columbia-North  Pacific 
Study.  Thus,  considerable  monthly  flow  data  are  readily  available 
that  would  otherwise  have  required  extensive  computations.  Also, 
recent  modified  flow  studies  of  the  Bureau  of  Reclamation  have 
been  used  as  data  sources . 

The  discharge  data  used  in  this  report  are  generally  avail- 
able in  Geological  Survey  Water-Supply  Papers  1316,  1317,  1318, 

1736,  1737,  and  1738  (compilations  of  monthly  discharges),  and 
from  Bonneville  Power  Administration  computer  study  75-8.  All 
of  the  monthly  data  used  are  shown  in  tables  in  the  various  sub- 
region  reports. 

Isopleths  of  mean  annual  runoff  for  the  region  during  the 
period  1931-60  are  presented  in  figure  8.  Each  isopleth  shows 
runoff  generated  only  along  that  line. 


Measurement  Fac i 1 i t ies  One  hundred  and  sixty-nine  sites 
on  both  large  and  small  streams  were  selected  for  detailed  anal- 
ysis. These  sites,  averaging  14  per  subregion,  are  considered 
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representative  of  the  various  parts  of  the  region  and  they  include 
many  gaging  stations  where  long-term  records  have  been  collected. 
These  sites  were  selected  to  provide  detailed  data  on  streams  of 
interest  to  the  agencies  preparing  the  fundamental  appendices. 

Also,  this  information  is  sufficient  to  guide  the  planners  in  eval- 
uating water  availability  to  satisfy  the  needs  projected  for  various 
parts  of  the  subregions.  The  specific  locations,  with  station  num- 
bers, are  shown  on  the  runoff  maps  in  the  subregion  reports.  Site 
names  and  pertinent  streamflow  data  are  summarized  in  tables  titled 
"Streamflow  Summary  for  Selected  Sites"  in  each  subregion  report . 

The  mean  annual  flow  values  are  average  flows  for  the  base  period, 
as  modified  by  regulation  and  irrigation  depletions.  The  momentary 
flows  are  the  observed  extremes  for  the  entire  period  of  record  at 
the  site  and  are,  in  some  cases,  affected  by  regulation  and  deple- 
tions. Gage  datum  is  mean  sea-level  datum  of  1929. 

Gaging  stations  are  located  at  most  of  the  selected  sites 
and  these  are  identified  by  the  Geological  Survey  numbers  that  are 
commonly  used  in  the  Survey's  annual  publications.  The  full  number 
contains  eight  digits,  the  first  two  represent  the  Part  number  (a 
number  assigned  to  a large  area  covered  by  one  volume  of  the  Water- 
Supply  Paper  series  published  by  the  Geological  Survey!./)  and  the 
other  six,  the  last  two  of  which  are  decimals,  represent  the  spe- 
cific location.  In  subregions  where  the  entire  area  lies  within 
one  Part,  the  first  two  digits  are  not  shown  on  the  maps;  also, 
when  the  two  decimal  digits  are  zeros,  one  or  both  of  them  may  be 
dropped . 

Average  Discharge  in  Subregions  The  average  discharge  and 
the  approximate  flows  that  would  be  available  80,  90,  and  95  percent 
of  the  time  for  the  base  period  1929-58  and  reflecting  1970  levels 
of  utilization  are  shown  in  table  3.  The  discharge  for  a subregion 
represents  the  flow  originating  in  that  subregion  or  outflow  minus 
inflow.  Inflow  from  Canada  is  added  to  complete  the  water- 
availability  picture. 

In  the  sections  for  Subregions  6 and  7 the  tables,  which  show 
discharge  for  the  subregion  as  a whole,  contain  an  item  referred 
to  as  unidentified  discharge.  This  water  is  assumed  to  be  used  or 
lost  along  the  main  channel  of  the  Snake  and  Columbia  Rivers  between 
the  upstream  and  downstream  ends  of  the  subregions.  On  an  annual 
basis,  the  loss  amounts  to  nearly  2,500  cfs.  This  quantity,  when 
added  to  the  difference  between  outflow  and  inflow  to  the  region, 
shows  the  water  actually  available  for  use  in  the  tributary  basins. 

1 / Part  10  covers  The  Great  Basin;  Part  12  covers  Pacific  Slope 
basins  in  Washington  and  upper  Columbia  River  Basin;  Part  13 
covers  Snake  River  Basin,  and  Part  14  covers  Pacific  Slope 
basins  in  Oregon  and  lower  Columbia  River  Basin. 
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Table  3 -Annual  Discharge  for  the  Columbia-North  Pacific  Region, 
1970  Conditions,  Base  Period  1929-58 


Average 

Flow  Exceeded 

Area 

Discharge 

in 

Percent  of  Time 

Subregion 

Sq.  Mi. 

(cfs) 

80 

90 

95 

1 

36,361 

36,253 

25,985 

22,000 

19,500 

2 

22,451 

5,300 

-l,800i/ 

-6 ,000i/ 

-8,7001' 

3 

6,062 

3,240 

1,776 

1,400 

1,200 

4 

35,857 

8,590 

7,044 

6,700 

6,600 

5 

36,825 

7,748 

4,856 

3,100 

2,500 

6 

35,081 

29,939 

22,968 

16,700 

15,200 

7 

29,606 

13,869 

11 ,469 

7,100 

5,900 

8 

5,103 

24,971 

16,988 

15,100 

14,200 

9 

12,046 

38,490 

21,869 

17,200 

15,000 

10 

23,763 

87,615 

57,813 

46,500 

39,000 

11 

13,355 

52,113 

40,864 

36,100 

33,400 

12 

17,904 

1,650 

670 

400 

300 

U.S.  Total 

274,414 

309,778 

210,502 

166,300 

144,100 

Canada 

39,910 

74,230 

59,000 

53,500 

51,000 

TOTAL 

314,324 

384,008 

269,502 

219,800 

195,100 

1/  Minus  figures  are  caused  by  diversions  and 

storage  operations  that 

are  greater 

than  the 

discharge  that  originates  in  the  subregion. 

Table 

4 - Average  Discharge 

, in  CFS , 

by  State,  1970 

Conditions 

Base 

Period  1929-58 

Sub- 

region 

Idaho 

Montana 

Nevada  Oregon 

Utah 

Wash. 

Wyoming 

Total 

1 

11,328 

22,350 

_ 

. 

• 

2,575 

- 

36,253 

2 

- 

- 

- 

- 

- 

5,300 

- 

5,300 

3 

- 

- 

- 

- 

- 

3,240 

- 

3,240 

4 

1,843 

- 

138 

- 

28 

- 

6,581 

8,590 

5 

5,761 

- 

772 

1,215 

- 

- 

- 

7,748 

6 

26,300 

- 

- 

3,400 

- 

239 

- 

29,939 

7 

- 

- 

- 

9,260 

- 

4,609 

- 

13,869 

8 

- 

- 

- 

- 

- 

24,971 

- 

24,971 

9 

- 

- 

- 

38,490 

- 

- 

- 

38,490 

10 

- 

- 

- 

52,919 

- 

34,696 

- 

87,615 

11 

- 

- 

- 

- 

- 

52,113 

- 

52,113 

12 

- 

- 

- 

1.650 

- 

- 

- 

1.650 

TOTAL 

45,232 

22,350 

910 

106,934 

28 

127,743 

6,581 

309,778 
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If  so  used,  however,  the  outflow  from  the  subregions  will  be  re- 
duced accordingly. 


Table  4 provides  a breakdown  of  the  regional  discharge  shown 
in  table  3 to  show  the  quantity  of  water  contributed  by  each  of  the 
seven  states  concerned. 


The  monthly  discharge  of  the  region  is  shown  in  figure  9. 

This  graph  also  shows,  by  month,  the  quantities  of  water  originat- 
ing on  each  side  of  the  Cascade  Range.  Because  high  flows  occur 
in  winter  west  of  the  Cascade  Range  and  generally  in  spring  and 
summer  east  of  it,  their  additive  total  provides  a regionwide  water 
availability  greater  than  275,000  cfs  each  month,  November  through 
June,  as  shown  in  figure  9.  The  low  months  are  August  and  Septem- 
ber when  only  90,000  and  106,000  cfs,  respectively,  are  available. 
Although  only  20  percent  of  the  region's  area  lies  west  of  the 
Cascade  Range,  this  area  furnishes  66  percent  of  the  regional  run- 
off. The  annual  mean  discharge  that  enters  the  United  States  from 
Canada  is  74,000  cfs  (1,000  cfs  west  of  the  Cascade  Range),  equal 
to  24  percent  of  the  total  supply  originating  in  the  region. 

Each  of  the  12  subregion  sections,  which  follow  this  Regional 
Summary,  contains  data  applicable  to  the  subregions  as  a whole  as 
follows : 

1.  An  isohyetal  map  based  on  the  latest  data  from  the  Weather 

Bureau  River  Forecast  Center  for  the  period  1930-57. 

2.  A map  showing  lines  of  equal  runoff  for  the  period  1931-60. 

3.  Graphs  showing  mean  monthly  discharge  for  five  conditions  of 

flow:  maximum,  mean,  minimum,  and  the  20-  and  80-percent 
frequencies  of  occurrence. 


Average  Discharge  for  Selected  Sites  Data  relating  to  the 
average  discharge  at  the  169  selected  sites  are  presented  in  detail 
in  the  subregion  sections.  Each  section  contains  tables  of  monthly 
mean  discharges  for  each  site  that  represents  either  observed  or 
modified  flows  depending  upon  the  level  of  development  and  water 
use  in  the  drainage  basin.  Observed  flows  are  shown  where  there 
is  little  or  no  development,  generally  on  the  smaller  streams  in 
the  mountains.  Flows  modified  using  Bonneville  Power  Administra- 
tion computer  study  75-8  were  used  directly  or  indirectly  at  several 
selected  sites  on  main  stream  and  major  tributaries.  Flows  modified 
in  recent  Bureau  of  Reclamation  studies  were  used  for  most  sites  in 
the  Snake  River  Basin  above  Oxbow.  Details  on  the  computation  of 
modified  flows  can  be  obtained  from  the  above-named  agencies.  The 
selected  sites  are  listed  in  table  5. 
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'.eological  SUBREGION  ?,  Continued  Geological  SUBREGION  10,  Continued 

Survey  Period  of  Survey  Period  of 

Station  No.  Stream  and  Location  Record  Station  No.  Stream  and  Location  Record 
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Explanations  of  the  data  common  to  all  subregions  are  in- 
cluded here  rather  than  being  repeated  in  each  subregion  section. 

Computer  programs  were  written  by  the  Corps  of  Engineers, 
North  Pacific  Division,  Portland,  Oregon,  for  use  in  reducing  the 
monthly  discharge  data  to  summary  form  for  plotting  many  of  the 
graphs.  (165)1/ 

ilydrographs  of  monthly  discharges  are  provided  for  seven 
flow  conditions:  maximum,  minimum,  and  mean  monthly  flows;  the 

flows  that  may  be  expected  to  occur  20  and  80  percent  of  the  time; 
and  the  monthly  flows  for  the  maximum  year  and  the  minimum  year 
during  the  base  period.  A few  points  on  the  maximum-year  graph 
usually  coincide  with  the  maximum-month  graph;  the  same  is  true 
for  the  minimum-year  and  minimum-month  graphs.  The  probability 
of  a future  annual  mean  discharge  equaling  either  the  mean  of  the 
maximum  months  or  the  mean  of  the  minimum  months  is  very  remote 
(recurrence  interval  of  several  thousand  years).  For  practical 
purposes,  then,  the  calculated  high  and  low  extreme  annual  mean 
discharge  (based  on  the  maximum  and  minimum  months)  shown  on  the 
graphs  may  be  considered  limiting  values.  Low-water  discharges  of 
probable  occurrence  for  other  than  80  percent  of  the  time,  such  as 
90  or  95  percent,  may  be  obtained  from  curves  drawn  through  plots 
of  the  mean  (approximately  50  percent),  80  percent,  and  minimum 
(considered  to  be  100  percent)  discharges. 

The  frequency  curves  of  mean  discharge  show  the  highest 
average  flow  and  the  lowest  average  flow  for  periods  of  1,  3,  6, 
and  12  consecutive  months.  IvTiere  data  were  available  from  the 
Geological  Survey  digital  computer  summaries,  flows  for  7,  30,  90, 
183,  and  365  consecutive  days  were  used.  The  curves  based  on 
monthly  data  show  slightly  higher  discharges  for  the  low-flow  series 
and  slightly  lower  discharges  for  the  high-flow  series  than  for  the 
curves  based  on  daily  data  because  a maximum  or  minimum  month 
usually  does  not  exactly  coincide  with  the  minimum  or  maximum  30- 
consecutive-day  period.  The  difference  between  the  curves  generally 
is  less  than  10  percent  and  either  is  satisfactory  for  planning 
purposes . 

The  frequency  curves  of  mean  discharge  can  be  used  directly 
as  volume- frequency  curves  with  minimum  computations.  For  example, 
the  30-day,  50-year  frequency  volume  in  acre-feet  is  obtained  by 
multiplying  the  30-day,  50-year  frequency  discharge  in  cfs  by  1.98 
times  30,  or  by  59.4.  Volumes  for  other  time  periods  arc  obtained 
in  the  same  manner  by  multiplying  the  selected  discharge  by  1.98 
times  the  number  of  days  in  the  period. 

For  most  streams  in  the  region  the  discharge-frequency  curves 
have  similar  shapes  indicating  that  the  mean  flows  for  selected 
periods  of  time  differ  throughout  the  years  by  fairly  consistent 
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quantities.  Direct  comparisons  of  flow  characteristics  may  be 
made  between  streams  whose  flows  are  essentially  natural.  In  a 
heavily  regulated  stream,  the  curves  diverge  greatly  from  the 
usual  relationships  and  reflect  mainly  the  regulation  pattern  of 
that  particular  stream. 

Duration  curves  are  provided  for  two  flow  conditions, 
monthly  and  annual,  and  where  data  are  readily  available  for 
daily  flows.  A flow-duration  curve  is  a cumulative  frequency  curve 
that  shows  percentage  of  time  specified  discharges  were  equaled  or 
exceeded  during  a given  period,  without  regard  to  the  sequence  of 
occurrence.  For  example,  the  low  flows  that  represent  the  95-percent 
point  on  the  curve  may  have  occurred  at  any  time  during  the  30- 
year  base  period;  they  may  or  may  not  be  consecutive  days,  months, 
or  years . 

Frequency  curves  of  annual  peak  flows  are  shown  for  both 
regulated  (as  of  1970)  and  unregulated  flows  where  data  are  avail- 
able, otherwise  they  are  shown  for  the  more  common  condition. 

The  entire  period  of  record  is  used  in  defining  these  curves. 

The  curves  were  computed  by  analytical  means  using  the  Corp  of 
Engineers'  standard  method,  probability  plot.  Additional  informa- 
tion on  flood  characteristics  will  be  presented  in  the  Flood  Control 
Appendix. 

Dependable  yield  of  the  selected  river  basins  is  presented 
in  tables  for  each  subregion.  The  tables  show  the  lowest  mean  flows 
for  periods  of  1 to  10  consecutive  years  in  the  30-year  base  period 
and  their  percentage  of  the  30-year  mean  discharge.  The  minimum 
year  generally  is  less  than  70  percent  of  the  mean,  averages  53 
percent  of  the  mean,  and  ranges  from  a high  of  80  percent  to  a low 
of  9 percent  of  the  mean.  The  Columbia  River  at  its  mouth,  which 
drains  70  percent  of  the  region's  area,  shows  a minimum-year  dis- 
charge equal  to  53  percent  of  the  mean,  a 3-year  minimum  average 
of  54  percent,  and  a 10-year  minimum  average  of  only  64  percent. 

These  tables  show  conclusively  that  the  use  of  the  mean  annual 
discharge  to  determine  the  total  quantity  of  water  available  in  a 
stream  for  any  period  less  than  about  one-half  the  30-year  base 
period  is  not  realistic,  even  with  carryover  storage.  The  use  of 
the  minimum  year  or  some  point  on  the  duration  curves,  such  as  the 
90-percent  point,  presents  a more  practical  measure  of  the  total 
quantity  of  water  that  could  be  made  available. 

Variations  in  Discharge  Each  subregion  report  contains  in- 
formation on  long-term  variations  in  streamflow  and  precipitation 
applicable  to  that  subregion.  In  this  section,  additional  infor- 
mation more  applicable  to  the  entire  region  is  presented.  This 
includes  data  from  tree-ring  studies  and  from  records  of  streamflow 
and  precipitation  collected  for  long  periods  of  time  at  selected 
i tes . 
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One  method  that  has  been  used  to  extend  precipitation  records 
consists  of  the  measurement  of  the  rates  of  growth  of  trees  as  shown 
by  the  width  of  the  annual  rings  and  comparison  of  those  rates  with 
available  precipitation  records.  (121)  In  the  arid  regions,  the 
available  soil  moisture  may  be  the  dominant  physical  factor  in  tree 
growth  and  local  precipitation  may  be  the  only  source  of  water. 
Juniper  trees  cut  in  1931  in  the  Harney  Basin,  Subregion  12,  were 
used  in  the  tree-ring  study  along  with  precipitation  records  col- 
lected at  Burns,  Oregon,  and  at  the  nearby  Harney  Branch  Experiment 
Station  of  the  U.  S.  Department  of  Agriculture.  The  mean  annual 
precipitation  determined  for  the  period  1898-1930  was  8.6  inches 
at  the  experiment  station.  A comparison  of  the  percentage  deviation 
of  tree-ring  width  or  tree  growth  from  the  normal  growth  with  the 
corresponding  deviation  in  precipitation  for  the  period  1898-1930 
is  shown  in  the  upper  graph  of  figure  10.  The  close  resemblance 
of  the  two  curves  is  evident.  The  lower  graph  of  figure  10  shows 
the  deviation  in  tree-ring  growth  from  1734  to  1930.  This  curve 
is  not  as  irregular  as  the  upper  curve  because  it  is  based  on  a 
weighted  3-year  running  average.  Although  the  curves  cannot  be 
used  to  determine  the  precipitation  for  a particular  year,  they  do 
show  trends  suggesting  that  low  precipitation  periods  occurred  from 
1755  to  1780,  1825  to  1850,  and  1915  to  1930,  and  that  droughts 
have  occurred  at  about  85-year  intervals.  There  is  a statement  in 
the  May  1937  Monthly  Weather  Review  that  tree-ring  studies  show  the 
1917-35  drought  to  be  the  most  severe  in  650  years. 

Long-term  and  seasonal  variations  in  discharge  as  presented 
in  the  subregion  discussions  are  generally  greater  than  those  of 
precipitation,  although  they  result  from  precipitation.  This  is 
true  both  for  the  30-year  base  period  and  for  the  entire  period  of 
record.  A typical  set  of  annual  values  representative  of  the  region 
is  presented  in  figure  11;  long-term  variations  in  precipitation 
are  given  for  Albany,  Oregon,  and  in  discharge  for  Columbia  River 
at  The  Dalles,  Oregon,  Willamette  River  at  Albany,  Oregon,  and 
Spokane  River  at  Spokane,  Washington.  Annual  precipitation  at 
Albany  varied  from  the  mean  by  a maximum  of  about  40  percent,  which 
is  about  average  for  all  precipitation  stations;  the  maximum  year 
was  2.4  times  the  minimum.  For  discharge  the  maximum  was  2.6  times 
the  minimum  year  at  The  Dalles,  3.2  at  Albany,  and  5.5  at  Spokane. 

The  outstanding  feature  of  figure  11  is  the  general  correl- 
ation among  the  three  hydrographs.  However,  the  vear-by-year 
correlation  of  precipitation  with  discharge  is  poor.  Following 
the  great  flood  of  1894,  both  precipitation  and  streamflow  exhibit 
a general  decline  to  1945,  with  substantially  higher  values  since 
then.  Because  these  higher  values  are  generally  above  the  long- 
term mean,  the  base  period,  1929-58,  is  quite  representative  of 
the  entire  period  of  record.  In  fact,  the  base  period  average 
precipitation  at  Albany  is  97  percent  of  the  long-term  average 
of  41.2  inches,  and  the  base  period  contains  the  lowest  and  two 
of  the  five  highest  yearly  values  of  record. 
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FIGURE  10.  General  Deviations  of  Precipitation  in  the  Harney  Basin,  as  Indicated  by  Tree-ring  growth,  1734-1930 
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Figure  II  Long-Term  Variation  in  Precipitation  and  Streamflow 


Long-term  variations  in  streamflow  can  also  be  compared 
using  slopes  of  frequency  curves  and  annual  duration  curves.  This 
was  done  in  the  subregion  discussions;  the  greatest  slopes,  or 
variations,  occurred  for  the  smaller  streams  of  the  Mid-Columbia 
Subregion . 

Seasonal  variations  in  discharge  are  well  presented  in  the 
monthly  hydrographs  for  each  subregion.  Daily  hydrographs  would 
serve  even  better  but  are  laborious  to  construct.  Figure  12  is  a 
presentation  of  summary  hydrographs  for  the  three  stations,  Spokane 
River  at  Spokane,  Willamette  River  at  Albany,  and  Columbia  River 
at  The  Dalles.  The  maximum,  mean,  and  minimum  of  daily  discharges 
for  each  day  of  the  year  for  all  years  of  record  are  shown  in 
figure  12.  All  streamflows  are  observed  values  as  published  in 
Geological  Survey  Water-Supply  Papers . The  average  for  the  period 
of  record  is  compared  with  that  of  modified  flows  for  the  30-year 
base  period,  1929-58,  as  shown  in  the  notes  on  figure  12.  Of 
course,  during  recent  years,  the  effect  of  storage  reservoirs  has 
been  to  reduce  the  extreme  high  and  increase  the  extreme  low  daily 
discharges,  so  that,  for  conditions  as  of  1970,  the  range  above  and 
below  the  mean  hydrograph  would  be  reduced.  The  mean  hydrograph 
itself  would  be  flattened  and  smoothed. 

The  hydrograph  of  the  Columbia  River  clearly  indicates 
snowmelt  runoff,  with  a single  protracted  peak  in  June.  The 
Willamette  River  has  its  series  of  rainfall  peaks  during  the  win- 
ter, and  the  Spokane  River  has  both  the  winter  peaks  and  a broad 
snowmelt  high  during  May.  The  latter  two  rivers  have  their  low 
water  during  August  and  September,  whereas  the  Columbia  River  has 
its  lowest  water  during  October,  with  very  little  increase  from 
then  until  the  following  April. 

The  seasonal  variations  in  discharge  can  also  be  compared 
by  the  spacing  between  frequency  curves  of  high  and  low  flows. 

This  also  is  done  in  the  subregion  discussions,  and  again  the  mid- 
Columbia  tributaries  exhibit  wide  spacing  of  the  frequency  curves, 
or  greater  change  from  monthly  average  to  annual  average  flow. 

Close  spacing  is  associated  with  glacial  origin  deep  snowpacks, 
underground  storage,  or  regulation. 


Travel  Time  Only  a few  time-of-travel  studies  of  water 
particles  have  been  made  in  the  Columbia-North  Pacific  Region. 

Most  of  these  studies  were  made  by  timing  the  maximum  concentra- 
tions of  Rhodamine  B dye  as  it  moved  downstream  in  the  river.  In 
some  streams,  high-,  medium-,  and  low-flow  velocities  were  measured 
and  in  others  only  one  flow  condition.  The  results  of  these  studies 
are  shown  on  graphs  in  the  subregion  reports. 
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FIGURE  12.  SUMMARY  HYDROGRAPHS 


In  addition  to  time-of-travel  studies  by  means  of  dye 
injections,  studies  have  been  made  of  flood-wave  travel  times. 

The  results  of  these  studies  appear  in  the  subregion  charts  as  the 
curve  of  accumulated  hours  versus  river  miles  for  the  highest  dis- 
charge. Travel  times  for  flood  waves  have  been  determined  from 
flood- routing  studies  as  the  lag  times  for  the  high  discharges  of 
the  flood  hydrograph.  For  lower  flows,  flood-wave  time  and  par- 
ticle time  approach  equality.  To  show  how  the  travel  time  for  high 
flow  relates  to  travel  times  for  lesser  flows,  a curve  has  been 
constructed  using  the  curves  for  various  flows  in  Subregion  9. 

(See  figure  13,  Time  of  Travel,  Willamette  River  from  Albany  to 
Oregon  City.) 

Figure  13  has  a number  of  interesting  characteristics,  but 
the  most  outstanding  is  the  wide  range  in  flow  for  a narrow  range 
in  travel  time.  That  is,  the  flood  wave  travels  from  Albany  to 
Oregon  City  in  40  hours  or  less  whether  the  flow  is  30,000  cfs  or 
280,000  cfs.  However,  as  flow  is  decreased  from  30,000  to  4,000 
cfs,  the  travel  time  increases  from  about  40  hours  to  about  160 
hours . 

Travel  time  decreases  as  discharge  increases  until  the  stream 
overflows  its  banks.  Then,  as  flows  increase,  the  proportion  flow- 
ing over  rough  terrain  also  increases  but  requires  a longer  time 
at  the  slower  overbank  velocity  making  the  average  time  for  the 
flood  wave  somewhat  greater.  The  effect  of  channel  storage  is  also 
involved;  at  certain  stages  of  the  river  there  are  greater  volumes 
of  channel  storage  to  be  filled  before  the  water  can  progress  down- 
stream, thus  causing  increases  in  travel  time. 

The  travel  time  for  a given  reach  varies  with  different 
floods,  even  of  the  same  general  magnitude.  This  could  depend  on 
whether  the  flood  wave  is  sharp-  or  broad-crested,  the  storm  caus- 
ing the  flood  occurred  near  the  upper  end  of  the  reach  or  near  the 
lower  end,  and  the  antecedent  weather  conditions  in  the  basin. 

The  results  of  these  studies  have  been  summarized  on  figure 
14,  a map  showing  flood-wave  time  of  travel  for  the  entire  region. 
The  time  in  hours  and  distance  in  miles  for  a flood  wave  to  travel 
from  a key  station  to  the.  mouth  of  the  stream  are  shown  for  15 
rivers  of  the  region  in  table  5A. 

The  best  information  available  on  travel  time  of  floods  is 
for  the  mainstem  Willamette  and  Columbia  Rivers  as  a result  of  nu- 
merous flood-routing  studies.  The  data  presented  in  figure  14  are 
for  flood  flows  of  bankful  1 magnitude  or  greater  and  are  general 
averages  for  this  range.  Travei  time  for  the  lower  portion  of  the 
flood  hydrograph  would  be  much  longer. 

As  indicated  in  table  5A  and  in  figure  14,  the  travel  time 
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Figure  13.  Time  of  Travel,  Willamette  River  from  Albany 

to  Oregon  City. 
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Table  5A  - Time-of-Travel  Studies  for  Rivers  at  Bankful  1, 
or  Higher,  Stage,  Columbia-North  Pacific  Region 


River 

Key  Station 

Hours  Miles 

Chehalis 

Grand  Mound 

40 

60 

Wi 1 lamette 

Cottage  Grove  Dam 

65 

217 

Umpqua 

Tiller 

29 

187 

Rogue 

Prospect 

51 

171 

John  Day 

Prairie  City 

60 

263 

Umati 1 la 

Gibbon 

37 

79 

Walla  Walla 

Walla  Walla  City 

18 

41 

Flathead-Pend  Oreille 

Columbia  Falls 

410 

1/  388 

Palouse 

Colfax 

18 

90 

Clearwater 

Kooskia 

40 

59 

Grande  Ronde 

La  Grande 

49 

163 

Salmon 

Ch  a 1 1 i s 

85 

325 

Payette 

Cascade  Dam 

31 

113 

Snake 

Jackson  Lake 

182 

1 ,000 

Columbia 

Trail  2/ 

32 

610 

1/  Includes  50  in  channel. 

220  in  Flathead  Lake 

, and 

140  in 

Pend  Oreille  Lake. 
2/  To  Bonneville  Dam. 


for  the  Flathead-Clark  Fork-Pend  Oreille  Rivers  is  extremely  long 
because  of  the  natural  regulation  of  two  lakes.  The  passage  of  a 
flood  wave  under  free-flow  conditions  through  Flathead  Lake  requires 
about  9 days  and  through  Pend  Oreille  Lake  about  6 days.  Similar 
long  travel  times  are  characteristic  of  other  large  lakes  in  the 
Columbia  River  Basin;  namely,  Coeur  d'Alene,  Kootenay,  and  Arrow. 


> River  Profiles  River  profiles  for  selected  streams  in  the 

region  are  shown  in  the  subregion  reports.  The  Columbia  River 
passes  through  several  subregions  and  only  parts  of  its  profile  are 
available  in  the  subregion  reports;  therefore,  a complete  profile 
from  its  mouth  to  the  Canadian  boundary  at  river  mi le  745  has  been 
constructed  and  is  shown  in  figure  15.  This  profile  shows  both  the 
old  low-water  condition  before  construction  of  the  many  dams  as 
well  as  the  present  situation  with  normal  pool  elevation  for  the 
reservoirs.  The  river  is  tide-affected  from  the  mouth,  for  a dis- 
tance of  146  miles,  to  Bonneville  Dam;  the  onlv  other  stretch  of 
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Quality 
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The  quality  of  surface  waters  in  the  Columbia-North  Pacific 
Region  is  generally  good  for  most  uses. 

The  use  of  water  for  domestic  purposes  alters  the  biologic 
quality  as  well  as  the  chemical  and  physical  quality  of  the  water. 
Domestic  waste  consists  of  metabolic-waste  products  from  man  plus 
waste  from  ordinary  household  processes  such  as  dishwashing,  laundry, 
and  cooking.  These  wastes  add  suspended  and  dissolved  solids  to  the 
receiving  stream.  Conventional  sewage  treatment  can  destroy  bacteria 
and  reduce  the  oxygen-consuming  substances,  but  does  little  toward 
removing  plant  nutrients  (nitrogen  and  phosphorous)  or  destroying 
detergents  contained  in  domestic-waste  water.  When  treated  sewage 
is  discharged  to  a stream,  the  nutrients  may  cause  excessive  growths 
of  aquatic  organisms,,  which  may  create  taste,  odor,  and  esthetic 
problems  downstream. 

Depreciation  of  water  quality  by  industrial  use  depends  upon 
the  type  of  industry  and  even  on  a particular  manufacturing  process. 
The  quality  of  water  used  for  cooling  normally  is  not  degraded 
chemically  but  is  changed  physically  by  raising  the  temperature. 
Industries,  such  as  metal  fabricating,  add  small  quantities  of  in- 
organic chemicals  to  their  waste  water  while  metal-plating  indus- 
tries at  times  add  large  amounts.  Food-processing  industries  add 
considerable  quantities  of  oxygen-consuming  organic  wastes  but  small 
quantities  of  inorganic  chemicals.  The  pulp  and  paper  industry  has 
created  serious  pollution  problems  in  many  local  areas  by  the  dis- 
charge of  sulfite  liquor. 

Quality  of  water  may  undergo  slight  to  very  marked  changes  as 
a result  of  irrigation.  The  changes  depend  on  soil  type,  quantity, 
and  quality  of  water  applied,  crops  grown,  fertilizers  used,  and 
irrigation  practices.  In  addition,  the  return-flow  water  often  con- 
tains chemicals  used  for  the  control  of  weeds,  plant  disease,  insects, 
and  rodents.  The  chemical  quality  of  water  draining  from  an  irrigated 
area  can  be  altered  in  two  ways  by  virtue  of  its  contact  with  the 
soil:  (1)  change  in  composition  by  ion  exchange,  and  (2)  increase 

in  composition  and  in  the  total  amount  of  dissolved  solids  by  leach- 
ing of  the  soil. 

The  quality  of  water  in  the  region  compares  favorably  with 
all  other  regions  in  the  United  States.  Table  6,  based  on  work  done 
by  F . H.  Rainwater  (126),  shows  the  percentage  of  the  area  of  each 
region  where  the  concentration  of  dissolved  solids  was  within  the 
specified  ranges.  Only  along  the  eastern  seaboard  and  the  lower 
Mississippi  River  is  the  concentration  of  dissolved  solids  less  than 
in  the  Columbia-North  Pacific  Region,  and  then  on  not  more  than 
1 percent  of  the  area  at  a level  of  350  mg/1  (milligrams  per  liter) 
or  less.  According  to  Rainwater,  the  prevalent  chemical  type  of 
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Table  6 - Chemical  Quality  of  Surface  Waters  in  the  United  States 
Dissolved-Solids  Concentration 


Region 

Percent 

of  Regional  Area 

Range  of  Concentration 

, mg/1 

0- 

100 

100- 

350 

350- 

700 

700- 

1200 

1200- 

1800 

1800- 

2550 

2550 

Columbia-North  Pacific  50.8 

47.9 

0.1 

1.2 

South  Pacific 

32.9 

45.7 

8.8 

10.5 

2.1 

- 

- 

Great  Basin 

- 

19.7 

32.5 

24.2 

.9 

15.1 

7.6 

Colorado 

3.9 

11.2 

40.7 

38.1 

1.9 

2.5 

1.7 

Upper  Missouri 

3.6 

32.8 

29.4 

19.4 

10.6 

3 . 3 

.9 

Upper  Arkansas -Red 

1.7 

6.4 

49.0 

18.1 

11.2 

4.1 

9.5 

Western  Gulf 

6.9 

36.8 

31.1 

7.8 

10.9 

4.4 

2.1 

Upper  Mississippi 

18.3 

46.0 

34.6 

1 . 1 

- 

- 

- 

Lower  Missouri 

- 

74.4 

25.6 

- 

- 

- 

- 

Lower  Arkansas -Red 

36.5 

51.4 

8.8 

3.0 

2 

. 1 

- 

Lower  Mississippi 

72.4 

27.6 

- 

- 

- 

- 

Southeast 

84.9 

14.0 

.8 

.3 

- 

- 

- 

Tennessee -Cumber land 

42.1 

55.5 

1.7 

- 

.7 

- 

- 

Ohio 

20.5 

53.3 

24.9 

. 2 

1.1 

- 

- 

Western  Great  Lakes 

21.1 

74.4 

3.3 

1.2 

- 

- 

- 

Eastern  Great  Lakes 

33.4 

50.2 

16.4 

- 

- 

- 

- 

Chesapeake 

60.1 

36.8 

.5 

2.5 

- 

- 

- 

Del aw are -Hudson 

55.5 

42.6 

- 

1.9 

- 

- 

- 

New  England 

94.1 

5.9 

- 

- 

- 

- 

- 

United  States 

33.6 

38.6 

16.2 

6.7 

2.1 

1.6 

1.2 

water  in  the  Columbia-North  Pacific  Region  is  calcium-magnesium 
carbonate-bicarbonate;  about  96  percent  of  the  region  contains  that 
kind  of  water.  Nearly  two-thirds  of  the  area  of  the  United  States 
has  surface  water  of  that  type.  The  next  most  common  type  in  the 
country  is  calcium-magnesium  sulfate-chloride  which  is  found  in 
about  22  percent  of  the  area. 


Chemical 


The  concentrations  of  certain  chemical  constituents  at 
points  in  streams  throughout  the  region  are  shown  on  maps  in  the 
subregion  reports.  Those  concentrations  are  important  in  deter- 
mining the  acceptability  of  the  water  for  use  by  man.  Certain 
criteria  for  drinking-water  standards  have  been  established  by  the 
U.  S.  Public  Health  Service.  (168-7)  These  criteria  are  generally 
accepted  by  most  state,  county,  and  municipal  authorities  in  deter- 
mining acceptability  of  water  for  drinking.  Tables  7 and  8 present 
some  of  the  recommended  limits  for  drinking  water. 
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Table  7 - Recommended  Drinking-Water  Standards 
for  Several  Constituents  and  Properties  of  Water 


Constituent  or  Property 

Iron  (Fe) 

Sulfate  (S04) 
Chloride  (Cl) 

Nitrate  (NO3) 
Dissolved  Solids 


Recommended  Maximum 
Allowable  Concentration, 
in  Milligrams  per  filer 

0.30 

2S0 

250 

45 

500 


Table  8 - Recommended  Fluoride  Concentrations 
for  Drinking  Water 


Annual  Average  of  Maximum 

Recommended 

Fluoride  Concentration 

Daily  Air  Temperatures 

Limits, 

in 

Milligrams  per 

Liter 

(°F.)  1 / 

Lower 

Optimum  2/ 

Upper 

50.0-53.7 

0.9 

1.2 

1.7 

53.8-58.3 

.8 

1 . 1 

1.5 

58.4-65.8 

.8 

1.0 

1.3 

65.9-70.6 

.7 

.9 

1.2 

70.7-79.2 

*7 

.8 

1.0 

79.3-90.5 

.6 

.7 

.8 

1/  Should  be  based  on  more 

than  5 years 

of 

record. 

2/  Average  concentrations  greater  than  2 times  the  optimum  values 
constitute  grounds  for  rejection  of  the  drinking-water  supply. 


Hardness  of  water  is  an  important  factor  for  domestic  and 
industrial  water  use.  The  Geological  Survey  has  classified  hard- 
ness of  water  as  calcium  carbonate  in  mg/1,  as  follows: 

0-60  mg/1  of  hardness,  water  is  soft 

61-120  mg/1  of  hardness,  water  is  moderately  hard 

121-180  mg/1  of  hardness,  water  is  hard 

More  than  180  mg/1  of  hardness,  water  is  very  hard 


Industrial  water-quality  requirements  are  varied;  some  of 
the  more  common  and  important  ones  are  listed  in  table  0.  The 
definition  of  suitable  concentration  limits  for  certain  constituents 
of  irrigation  water  is  more  uncertain,  particularly  because  toler- 
ances of  specific  plant  types  vary  considerably.  The  California 
Water  Pollution  Control  Board  (13-151)  has  developed  a set  of 
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Table  9 - Water  Quality  Tolerances  for  Industrial  Applications 
(Allowable  Limits  in  Milligrams  per  Liter,  Except  pH  and  Color  1/) 


Industrial  Application 

Silica 

fSiCfeO 

Iron 

Slsd 

Bicar- 

bonate 

(HCO-. 

Car 

bonate 

(CO.) 

Disso lved 
Solids 

Hardness 
as  CaCO. 

_ PH 

Color 

Baking  2/ 

__ 

0.2 

__ 

__ 

10 

Boiler  Feed: 

0-150  psi 

40 

-- 

50 

20° 

500-3000 

80 

8.0  E 

80 

151-250 

20 

-- 

30 

'00 

500-2500 

40 

8.4  i 

40 

251-400 

5 

-- 

5 

40 

100-1500 

10 

9.0  c 

5 

More  than  400 

1 

-- 

0 

20 

50 

2 

9.6  x. 

2 

Brewing  2/ 

50 

. 1 

— 

50-70 

500-1000 

-- 

6. 5-7.0 

0-10 

Carbonated  Beverages  2/ 

-- 

. 1- . 2 

-- 

-- 

850 

200-250 

-- 

5-10 

Cooling 

-- 

.5 

-- 

-- 

-- 

-- 

-- 

50 

Food  Canning,  Freezing  2/ 

-- 

.2 

-- 

-- 

-- 

-- 

7.5  min 

. 

Ice  2/ 

10 

. 1- , 2 

40-60 

-- 

170-1300 

70 

-- 

5 

Laundering 

-- 

-- 

75 

-- 

-- 

50 

6. 0-6. 8 

-- 

Paper  Pulp: 

Unbleached  Kraft 

100 

1.0 

-- 

-- 

500 

200 

-- 

100 

Groundwood 

50 

.3 

-- 

-- 

500 

200 

-- 

30 

Bleached  Kraft 

50 

.2 

-- 

-- 

300 

100 

-- 

25 

Soda  and  Sulfate 

20 

.1 

-- 

-- 

250 

100 

-- 

5 

Pine 

20 

.1 

-- 

-- 

200 

100 

-- 

5 

Rayon  Pulp: 

Production 

25 

.05 

-- 

-- 

100 

8 

7. 8-8. 3 

5 

Manufacture 

-- 

.0 

-- 

-- 

-- 

55 

-- 

-- 

Textiles: 

Wool  Scouring 

-- 

1.0 

-- 

-- 

-- 

20 

-- 

70 

General 

— 

.25 

-- 

-- 

-- 

20 

-- 

20 

Dyeing 

-- 

.25 

-- 

-- 

-- 

20 

-- 

5-20 

Cotton  Bandages 

.2 

20 

5 

_1  / Data  after  African  Water  Works  Association,  1950,  and  California  Pollution  Control  Board,  1952. 
2_/  Must  also  conform  to  U.  S.  Public  Health  Service  drinking-water  standards  (1962,  p.  7-8). 


approximate  standards  for  several  common  constituents  or  properties 
of  irrigation  water,  and  some  of  these  data  are  presented  in 
table  10. 

Surface  water  generally  contains  less  than  250  mg/1  of  dis- 
solved solids  and  only  in  a few  small  areas  does  the  dissolved- 
solids  content  exceed  1,000  mg/1.  The  streams  in  the  mountainous 
parts  of  the  region  mostly  have  a dissolved-sol ids  content  of  less 
than  100  mg/1  and  some  have  less  than  50  mg/1.  The  dissolved-solids 
content  of  water  in  lakes  with  no  outlets  ranges  from  1,000  to 
70,000  mg/1  or  more.  Salt-water  intrusion  into  the  Columbia  River 


Table  10  - Classification  of  the  Chemical  Suitability  of  Water  for  Irrigation  _1/ 


Milligrams  p-i  Liter 


Class 

Specific  Conductance, 
in  Micromhos  at  25°C 

Percent  Sodium 

Sulfate 

(SO*) 

Chloride 

LC1) 

Dissolved 

Solids 

I 2/ 

Less  than  1,000 

Less  than  60 

Less  than 

Less  than 

Less  than  700 

200-500 

70-200 

II  3/ 

r 

5 00-3,000 

60-75 

200-1,000 

70-600 

350-2,100 

III  4/ 

More  than  2,500-3,000 

More  than 

More  than 

More  than 

More  than 

70-75 

600-1,000 

200-600 

1,750-2,100 

\J  Data  modified  after  California  Water  Pollution  Control  Board,  1963,  p.  109. 

2/  Excellent  to  good:  suitable  for  most  plants  under  most  conditions. 

3/  Hood  to  injurious:  harmful  to  some  plants  under  certain  soil  conditions,  climate,  farming 

practices. 

4/  Injurious  to  unsatisfactory:  unsuitable  under  most  conditions. 


ii 

■* » 

1 1 
If 
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estuary  reaches  about  23  miles  upstream  from  the  mouth.  For  most 
streams  adjacent  to  saline  water,  the  extent  and  degree  of  salt- 
water intrusion  are  not  accurately  known. 

Although  irrigation  is  extensive,  most  of  the  streams  in  the 
region  have  a dissolved-solids  content  of  less  than  500  mg/1.  The 
chemical  composition  of  the  dissolved  solids  will  vary  depending 
upon  the  soils  of  the  drainage  basin,  but  calcium,  magnesium,  and 
bicarbonate  are  usually  the  principal  constituents.  Sodium  is  a 
main  constituent  in  some  streams  tributary  to  the  Snake  River. 


Bio  logical -Biochemical 

Large  quantities  of  relatively  unpolluted  water  are  avail- 
able; however,  significant  water-quality  problems  do  exist  locally 
in  various  parts  of  the  region.  Water  for  drinking  and  certain 
industrial  uses  requires  disinfection--a  standard  procedure  through- 
out the  United  States. 

The  requirements  of  the  salmonoid  fishery  govern  the  neces- 
sary level  of  dissolved  oxygen  for  most  watercourses  in  the  region. 
Northwest  States'  water-quality  standards  for  dissolvcd-oxygen 
levels  normally  range  from  5 mg/1  for  fish  passage  needs  up  to  satu- 
ration for  waters  used  for  spawniiig  and  rearing  purposes.  Low  dis- 
solved-oxygen  concentrations  occur  in  a number  of  stream  reaches 
normally  as  the  result  of  heavy  biochemical  oxygen  demand  exerted 
by  municipal,  pulp  and  paper,  or  food-processing  wastes.  For 
example,  critical  oxygen  problems  exist  seasonally  in  the  Spokane 
River  at  and  below  Long  Lake,  in  portions  of  the  Snake  River,  and 
in  the  lower  reaches  of  the  Boise,  Duwamish,  lihehalis,  South  Santiam, 
Tualatin,  and  Willamette  Rivers. 

Bacterial  pollution  resulting  from  municipal  wastes  and,  in 
some  places,  from  animal  populations  has  seriously  damaged  use  for 
water-contact  sports  in  a number  of  locations.  The  lower  Willamette 
River  and  the  (iolumbia  River  below  Portland  generally  have  bacterial 
counts  above  the  water-quality  standard  of  1,000  organisms  per  100 
milliliters  which  applies  to  these  stream  reaches.  Similar  condi- 
tions are  prevalent  below  large  population  centers  in  the  lower 
reaches  of  numerous  streams,  including  the  Rogue,  South  Umpqua,  and 
Boise  Rivers,  and  a number  of  Puget  Sound  streams.  Some  coastal 
waters,  such  as  Tillamook  Bay  and  Port  Angeles  Harbor,  are  similarly 
affected.  The  problem  is  serious  because  it  generally  occurs  close 
to  urban  areas  where  the  demand  for  water-based  recreation  is 
highest . 


Nutrients,  such  as  nitrate 
both  natural  and  manmade  sources, 
aquatic  growths  in  the  Yakima  and 


and  phosphate,  originating  from 
are  the  major  cause  of  excessive 
Snake  Basins  and  areas  of  the 


Columbia  Basin  Irrigation  Project.  In  addition  to  causing  taste 
and  odor  problems,  such  growths  increase  maintenance  costs  to 
irrigators  because  of  clogged  diversion  and  distribution  structures. 
Intensive  algal  growths  cause  extreme  diurnal  fluctuations  in 
dissolved-oxygen  concentrations  in  some  streams  and  in  reservoirs, 
such  as  Brownlee.  A recent  fish  kill  in  American  Falls  Reservoir 
has  been  attributed  to  low  dissolved-oxygen  concentrations  resulting 
from  decomposition  of  dead  algal  cells.  Other  nutrients,  derived 
principally  from  pulp  and  paper  wastes,  have  contributed  to  the 
periodic  slime  problem  in  the  lower  Columbia  River.  Fouling  of 
sport  and  commercial  fishing  gear  has  resulted  from  the  slime 
growths . 

Conversely,  some  streams  have  been  rendered  biologically 
sterile  and  nonproductive  because  of  acid  mine  wastes.  This  type 
of  problem  occurs  in  reaches  of  streams  such  as  the  South  Fork, 

Coeur  d’Alene, and  Clark  Fork  Rivers.  The  wastes  discharged  to  the 
Pend  Oreille  River  are  from  tailings  from  lead  and  zinc  milling  oper- 
ations; and  their  effect  on  the  river  is  primarily  solids,  turbidity, 
and  sediment, and,  to  some  extent,  zinc. 


Sediment 

The  areas  of  greatest  sediment  yield  in  the  region  are  the 
windblown-soil  areas  in  the  Palouse  and  Walla  Walla  River  Basins  of 
southeastern  Washington.  There  is  a considerable  range  in  the  quan- 
tity of  fluvial  sediment  transported  by  the  remaining  streams. 

Sediment  yield  of  lands  east  of  the  Cascade  Range  ranges  from 
0.02  to  4.0  acre-feet  per  square  mile  per  year,  with  more  than  one- 
half  the  area  in  the  range  of  0.02  to  0.1  acre-foot  per  square  mile 
per  year.  Only  a few  rather  small  areas  yield  more  than  0.5  acre- 
foot  per  square  mile  per  year.  On  the  west  side  of  the  Cascade 
* Range,  most  of  the  area  lies  in  the  0.1  to  0.2  acre-foot  per  square 

mile  per  year  yield  range,  with  only  small  local  areas  ranging  up 
to  0.5  or  down  to  0.02  acre-foot  per  square  mile  per  year.  The 
yields  which  are  delineated  on  maps  in  each  of  the  subregion  reports 
are  based  on  data  that  include  both  suspended  sediment  and  bedload. 

Streams  draining  the  more  arid  parts  of  the  region,  as  a 
general  rule,  transport  higher  concentrations  of  fluvial  sediment 
than  those  draining  the  humid,  forested  parts.  However,  on  an  an- 
nual basis,  more  sediment  may  be  transported  out  of  the  forested 
areas  because  of  more  frequent  storms  and  larger  volumes  of  water. 
Streams  originating  from  glaciers  transport  rock  material  called 
"glacial  flour"  during  the  summer  months,  while  those  whose  low  flow 
is  derived  from  ground  water  generally  remain  relatively  free  of 
fluvial  sediment  in  summer.  Sediment  concentrations  as  high  as 
383.000  mg/1  have  been  measured  in  the  high-yield  area  near  Walla 
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Walla,  Washington.  The  maps  in  the  subregion  reports  include 
information  on  the  location  of  sites  where  high-sediment  concentra- 
tions have  been  measured. 


Temperature 


Temperature  changes  in  bodies  or  streams  of  water  may  result 
from  natural  climatic  phenomena  or  from  the  introduction  of  indus- 
trial wastes  or  discharges  of  cooling  waters.  The  temperature  is 
sometimes  critical  for  many  uses  of  water.  It  affects  the  palat- 
ability,  some  treatment  processes,  and  the  value  for  many  industrial 
uses  including  cooling,  and  powerfully  influences  its  suitability 
as  a habitat  for  aquatic  life.  Additional  heat  may  contribute  to 
undesirable  stream  conditions  such  as  decreased  oxygen  capacity, 
increased  oxygen  demand,  anaerobic  zones,  putrification  of  sludge 
deposits,  and  the  growth  of  sewage  fungi.  Stream  temperatures  may 
also  be  increased  by  irrigation  practices  and  the  return  of  agri- 
cultural drainage  water.  (155) 

Natural  water  temperature  is  closely  related  to  climate  and 
air  temperature.  Maximum  water  temperatures  tend  to  be  higher  and 
minimum  temperatures  lower  in  streams  east  of  the  Cascade  Range 
than  in  the  coastal  streams.  Figure  17  shows  monthly  minimum  and 
maximum  water  temperatures  for  selected  streams.  Other  more 
detailed  water-temperature  data  are  shown  in  the  subregion  reports. 
Figure  18  shows  a time-distribution  curve  for  water  temperatures  of 
the  Columbia  River  near  The  Dalles,  Oregon.  Some  of  these  tempera- 
tures (1952-59)  were  measured  at  the  old  Maryhill  Ferry  at  river 
mile  210.3;  from  1960  to  1966  they  were  measured  at  The  Dalles  Dam 
at  river  mile  191.5.  The  determinations  were  made  once  daily  and 
are  considered  equivalent  at  the  two  sites.  The  maximum  water 
temperature  observed  at  Maryhill  Ferry  was  81°F.,  but  97  percent  of 
the  time  the  water  temperature  was  less  than  70°F.  The  water 
temperature  was  higher  than  70°F.  on  100  days  during  the  15-year 
period  1952-66.  During  the  month  of  August  1958,  the  water 
temperature  ranged  from  71°  to  81°F.,  averaging  75°F. 
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Willapa  River  at  Lebam,  Wash. 
1953-65 


ONDJFMAMJJAS 
Henrys  Fork  near  Rexburg,  Ida. 
1954-64 
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Blackfoot  River  near  Bonner,  Mont. 
1956-59 


ONDJFMAMJJAS 
Middle  Fork  Willamette  River  at 
Jasper,  Oreg.,  1954-65 


EXPLANATION 

Monthly  Maximum  Recorded 
Water  Temperature 


ONDJFMAMJJAS 
Skagit  River  above  Alma  Creek  near 
Marblemont,  Wash.,  1954-65 


Monthly  Minimum  Recorded 
Water  Temperature 


FIGURE  17.  Ranges  in  Temperature  of  Water  in  Selected  Streams 
for  Periods  Indicated 


Highest  Temperature,  81°F 


PERCENT  OF  TIME  TEMPERATURE  WAS  EQUAL 
TO  OR  LESS  THAN  SHOWN  ON  THE  CURVE 


FIGURE  18 


Chemical  Almost  all  the  water  in  the  Columbia- North  Pacific 
Region  is  chemically  suitable  for  domestic  use.  Most  surface  water 
is  soft  to  moderately  hard  with  a dissolved-sol ids  content  of 
usually  less  then  500  mg/1.  Streams  that  have  a dissolved-solids 
content  of  more  than  1,000  mg/1  are  the  Malheur  and  Owyhee  Rivers 
in  eastern  Oregon,  and  the  Raft  River  in  southern  Idaho.  The 
higher  concentrations  usually  are  found  in  the  lower  reaches  of 
those  streams  during  the  summer  months  when  irrigation  applications 
are  the  greatest.  Practically  all  the  water  is  suitable  for 
irrigation  and  in  many  areas  irrigation  return  flows  are  reused 
for  irrigation  without  harmful  effect. 


✓ 

Surface  waters  in  the  region  can  be  used  by  most  industries. 
Those  industries  requiring  low  concentrations  of  silica  would  need 
to  treat  much  of  the  water  because  many  of  the  streams  contain 
water  with  silica  concentrations  greater  than  10  mg/1.  In  general, 
because  most  of  the  streams  contain  dissolved  oxygen  in  concentra- 
tions greater  than  7.0  mg/1,  inorganic  iron  in  solution'  is  usually 
less  than  0.2  mg/1,  making  treatment  unnecessary  for  most  industrial 
uses . 


Biological- Biochemical  Dissolved-oxygen  levels  are  at  or 
near  the  saturation  point  in  nearly  all  fresh  and  marine  waters  in 
the  region  and  the  waters  are  suitable  for  all  uses.  However, 
oxygen  levels  are  depressed  in  a few  bays,  estuaries,  and  lower- 
river  reaches,  especially  during  the  summer  and  early  fall  as  a 
result  of  the  discharge  of  large  quantities  of  partly  treated  or 
untreated  wastes.  Dissolved-oxygen  concentrations  range  downward 
to  almost  zero  at  times  in  certain  streams  and  lakes,  well  within 
the  classification  of  septicity.  Values  below  6 mg/1  are  considered 
detrimental  to  fish  life  and  values  below  3 mg/1  extremely  harmful 
to  aquatic  life.  Dissolved-oxygen  concentrations  as  low  as  0.6  mg/1 
have  been  measured  in  Portland  Harbor  (lower  Willamette  River)  in 
recent  years.  Values  below  2.0  mg/1  have  been  measured  in  Duwamish 
River  near  Seattle  and  values  below  3.0  mg/1  in  Spokane  River  at 
Long  Lake. 

Because  the  surface  waters  in  the  region  generally  contain 
a high  dissolved-oxygen  content,  deaeration  would  be  required  for 
any  industrial  use  where  corrosion  control  is  a factor. 

Most  streams  in  the  region  can  be  used  for  swimming,  boating, 
fishing,  and  other  recreational  uses  with  little  hazard  from  patho- 
genic (disease-producing)  bacteria.  In  reaches  where  pathogenic 
bacteria  are  a problem,  bacteriological  quality  usually  shows  very  ♦ 

marked  and  abrupt  changes,  primarily  as  a function  of  sewage  dis- 
posal. In  stream  channels  below  the  points  where  cities  discharge 
untreated  sewage,  the  mpn  (most  probable  number)  of  coliform  bacteria 
often  exceeds  100,000  per  100  milliliters.  This  means  that  a stream 
is  point  loaded  with  coliform  bacteria.  If  no  downstream-sewage  or 
organic-waste  discharge  takes  place,  pollution  concentrations  will 
usually  be  reduced  by  dilution  and  natural  ecologic  processes. 

Major  streams  with  known  occurrences  of  serious  bacterio- 
logical pollution  (maximum  mpn  values  greater  than  10,000  coliform 
bacteria  per  100  milliliters)  are:  Snake  River  upstream  from 

Payette,  Idaho;  Clark  Fork  River  at  Missoula,  Montana;  Spokane 
River  downstream  from  Coeur  d'Alene,  Idaho;  Yakima  River  downstream 
from  Ellensburg,  Washington,  Willamette  River  downstream  from  Eugene, 

Oregon;  Columbia  River  downstream  from  Portland,  Oregon;  and  near 
the  mouths  of  several  of  the  larger  streams  entering  the  east  and 
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south  sides  of  Puget  Sound.  Bacterial  pollution  in  these  streams 
is  not  always  at  such  high  levels.  During  most  of  the  year  stream- 
flow  is  sufficient  to  dilute  discharged  sewage  to  a much  lower  level. 
Maximum  values  generally  occur  during  the  dry  summer  months  when 
streamflow  is  low. 


Sediment  Many  streams  moving  relatively  small  quantities  of 
sediment  may  be  turbid  during  the  higher  flow  periods.  Industries 
requiring  water  with  very  low  concentrations  of  fluvial  sediment  or 
turbidity  would  have  to  treat,  at  some  time  during  the  year,  almost 
all  surface  waters  in  the  region.  Because  water  with  sediment  con- 
centrations greater  than  10  mg/1  is  considered  not  potable,  cities 
using  surface  waters  must,  at  times,  either  treat  their  water  or 
use  a substitute  source,  such  as  wells,  as  does  the  city  of  Tacoma, 
Washington . 

Virtually  all  waters  are  satisfactory  for  irrigation  although, 
at  times,  sediment  may  fill  siltation  basins  and  necessitate  clean- 
ing of  the  basins.  Siltation  of  major  reservoirs  generally  is  not  a 
problem.  Sediment  concentrations  in  the  Columbia  River  are  small 
because  of  the  large  volume  of  water,  but  navigation  channels  become 
silted  and  must  be  dredged  regularly. 

Sediment  carried  by  runoff  during  high  flows  is  damaging  to 
lands  particularly  during  cloudburst  floods  east  of  the  Cascade 
Range.  In  some  areas  thick  deposits  of  sediment  have  buried  orchards 
and  impaired  soils  on  other  farmlands. 

Temperature  Stream  temperatures  west  of  the  Cascade  Range 
in  the  Columbia-North  Pacific  Region  normally  do  not  exceed  70°F. 
and  rarely  exceed  80°F.;  east  of  the  Cascade  Range  water  temperatures 
often  exceed  80°F.  but  rarely  exceed  90°P.  even  after  being  used  by 
i man.  July  and  August  produce  the  highest  water  temperatures.  Most 

' streams  head  high  in  the  mountains  and  begin  their  trip  to  the  sea 

with  cold  water.  In  summer,  stream  temperatures  normally  increase 
in  a downstream  direction  owing  mainly  to  solar  radiation  on  the 
many  reservoirs  and  the  generally  exposed  valley-floor  stream 
channels . 

lor  drinking  purposes,  water  with  a temperature  of  50°F.  is 
usually  satisfactory,  temperatures  above  59°P.  are  usually  objec- 
tionable, and  temperatures  above  66°F.  cause  complaints  from  most 
customers.  (13-283)  Also,  increased  temperatures  may  stimulate 
the  growth  of  taste-  and  odor-producing  organisms  in  lakes  and  im- 
poundments. Water  passing  slowly  through  or  standing  in  swamps  may 
acquire  undesirable  color  and  temperature. 

Water  temperature  may  be  the  most  important  factor  for  various 
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industrial  uses  of  water;  for  example,  in  steel  mills  water  must 
have  a temperature  of  less  than  75°F.,  and  for  barley-malting 
purposes  the  temperature  should  be  a uniform  54°F.  (13-284) 

Streams  lose  their  value  for  cooling  purposes  as  the  water  tem- 
perature rises.  Also,  warm  water  accelerates  corrosion  in  pipe- 
lines and  cooling  systems. 

Little  knowledge  is  available  to  indicate  the  effect  of  warm 
irrigation  water  on  crops.  However,  ground  waters  of  100°  to  180°F. 
are  being  used  for  irrigation  in  southwestern  Idaho  but  only  after 
being  cooled  generally  to  temperatures  of  75°  to  85°F.  by  ponding 
or  other  means.  Water  weeds  grow  sparsely  in  water  below  50°F.  but 
are  prolific  in  60°F.  and  warmer  water. 

The  preferred  water  temperature  for  rate  of  growth  and  pro- 
duction for  trout  and  salmon  ranges  from  55°  to  68°F.  Water  tem- 
peratures of  75°  to  77°F.  are  lethal  for  adult  fish  in  this  group, 
but  some  other  fishes  can  tolerate  temperatures  up  to  100°F.  Much 
lower  temperatures  are  required  for  spawning  and  hatching  of  eggs. 
For  example,  Chinook  salmon  eggs  fare  well  at  60°F.  but  suffer 
mortalities  at  65°F.  (13-284) 

Sudden  changes  in  temperature  are  believed  to  be  harmful  to 
fish  life,  with  abrupt  changes  of  9°F.  or  greater  likely  to  be 
injurious . 

Many  of  the  streams,  especially  those  east  of  the  Cascade 
Range,  are  too  warm  for  some  uses  during  the  summer  months.  Only 
in  the  mountains  is  the  water  cool  enough  to  be  suitable  for  all 
purposes  at  all  times  of  the  year. 


GROUND  WATER 

Ground  water  is  an  essential  element  in  the  appraisal  of  the 
water  resources  of  the  region.  Not  only  are  large  quantities  of 
water  for  a variety  of  uses  obtained  from  wells  and  springs,  but 
also  a large  part  of  the  surface-water  supply  is  maintained  by  dis- 
charge from  aquifers,  especially  during  periods  of  fair  weather 
when  the  flow  of  many  streams  is  composed  mostly  or  entirely  of 
effluent  ground  water. 

Caution  should  be  observed,  however,  by  anyone  attempting 
to  derive  a figure  for  total  perennial  yield  for  the  region  or  for 
any  subregion.  Only  in  coastal  areas  does  any  significant  quantity 
of  ground  water  (excluding  evapotranspiration)  leave  the  subregion 
that  does  not  appear  as  a component  of  stream  discharge.  Thus,  the 
values  for  annual  surface-water  discharge  given  for  each  subregion 
include  the  entire  ground-water  component,  except  in  Subregions 
10  and  11  where  a part  of  the  ground  water  discharges  directly  into 
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the  Pacific  Ocean  or  Puget  Sound.  In  all  other  subregions,  use  of 
ground  water  as  a source  of  supply  does  not  add  to  the  total  avail- 
able supply  except  to  the  extent  that  ground  water  is  taken  from 
permanent  storage,  or  to  the  extent  that  ground-water  withdrawals 
reduce  evapotranspiration  waste.  The  latter  factor  is  important 
and  may  add  large  quantities  of  water  to  the  total  available  supply 
at  many  places. 

Although  utilization  of  ground  water  does  not  add  to  the 
total  available  supply,  with  the  exceptions  noted  above,  it  does 
offer  great  opportunities  for  management  by  augmenting  minimum 
flows  and  increasing  firm  supplies  by  drawing  water  from  under- 
ground storage  during  dry  periods  and  replacing  the  ground  water 
by  natural  or  artificial  recharge  during  periods  of  excess  rainfall 
and  runoff. 

Much  information  on  ground  water  is  given  in  published  re- 
ports and  a great  amount  of  data  is  contained  in  the  files  of 
Federal  and  State  agencies.  Published  reports  are  referenced  in 
the  text  and  areas  covered  by  ground-water  reports  are  shown  in 
figure  19. 


Relation  of  Ground  Water  to  Geology 


Climate,  physiography,  drainage,  geology,  and  many  other 
factors  strongly  influence  the  occurrence  of  ground  water.  The 
geology  probably  has  a greater  effect  upon  the  quantity  and  quality 
of  water  available  at  any  particular  point  than  any  other  factor. 
Water-bearing  units--aquifers--are  geologic  formations,  groups  of 
formations,  or  parts  of  formations.  In  a study  as  broad  as  the 
Columbia-North  Pacific,  it  is  not  possible  to  describe  every 
individual  aquifer,  even  if  the  required  information  were  available, 
and  for  large  areas  only  sketchy  data  are  available.  Therefore, 
geologic  formations  with  similar  hydrologic  characteristics  are 
grouped  into  aquifer  units. 

Geologic  formations  are  mapped  on  the  basis  of  relative  age 
and  type  of  rock  such  as  sedimentary,  volcanic,  igneous  intrusive, 
and  metamorphic.  In  the  Columbia-North  Pacific  Region  the  better 
yielding  aquifers  are  of  two  rock  types,  sedimentary  or  volcanic. 
These  rocks  are  layered,  and  a geologic  formation  as  mapped  by  the 
geologist  almost  invariably  includes  many  layers  covering  a wide 
range  in  permeability.  Depending  upon  the  formation,  the  range  may 


be  from  highly  or  moderately  permeable  to  slightly  permeable  or 
almost  completely  impermeable.  Commonly,  the  individual  layers 
or  horizons  are  a few  to  a few  tens  of  feet  thick,  and  a well  may 
encounter  several  or  a score  of  permeable  and  impermeable  horizons 
in  a single  formation.  An  aquifer  is  characterized  in  this  report 
upon  the  basis  of  its  more  permeable  horizons.  For  example,  more 
than  50  percent  of  the  strata  might  be  clay  or  silt  but,  if  perme- 
able sand  or  gravel  strata  are  widespread  in  the  aquifer,  then  it 
would  be  considered  to  be  a permeable  aquifer. 

The  permeability  and  porosity  of  aquifers  generally  tend  to 
be  inversely  proportional  to  their  relative  ages.  Therefore,  the 
distinction  between  aquifer  units  is  based  on  both  relative  age 
and  rock  type. 


Well  Yields 


Throughout  this  report  aquifers  and  aquifer  units  are 
characterized  quantitatively  on  the  basis  of  the  discharge  that 
can  be  obtained  from  a well. 

The  usual  range  in  yields  of  wells  that  can  be  obtained 
from  each  aquifer  unit  is  given  in  the  table  describing  aquifer 
units  and  their  hydrologic  characteristics  that  is  included  in 
each  subregion  report.  In  general,  the  yield  of  a well  increases 
with  an  increase  in  the  thickness  of  the  saturated  material  and 
thus  is  related  to  well  depth.  Yields  also  are  related  to  draw- 
down. Therefore,  the  yields  given  are  for  well  depths  and  draw- 
downs generally  considered  as  economically  feasible  in  the  area. 

In  alluvial  and  unconsolidated  sedimentary  aquifers,  where  casing 
and  screens  are  required,  the  yields  given  are  for  wells  that  have 
been  constructed  and  developed  in  accordance  with  accepted  good 
practices  and  procedures.  In  alluvial  aquifers,  which  in  places 
are  thin,  the  yields  may  be  closely  related  to  the  saturated 
thickness  of  the  aquifer.  Because  of  differences  in  thickness 
and  lateral  changes  in  permeability,  the  yields  of  wells  in  any 
aquifer  unit  vary  greatly.  An  attempt  was  made  to  select  a range 
so  that  roughly  80  to  90  percent  of  the  properly  constructed  wells 
would  fall  within  it;  5 to  10  percent  might  have  higher,  and  5 to 
10  percent  might  have  lower  yields. 
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Adjectives  are  used  to  describe  well  yields  quantitatively 
in  the  text  and  tables.  They  also  correspond  to  well-yield  ranges 
on  subregion  maps  showing  general  availability  of  ground  water.  The 
following  adjectives  are  used: 


Adj  ective 


Well  Yield 

Gallons  per  Minute  (gpm) 


Inadequate  (This  range  not 
used  on  the  maps) 

Small 
Moderate 
Moderately  large 
Large 

Very  large 


1 

1 - 20 
20  - 100 
100  - 500 
500  - 2,000 
2,000 


Delineation  of  the  areas  on  the  maps  is  based  on  geologic 
information  and  greatly  varying  well  data.  Obviously,  there  are 
local  areas  that  would  fall  into  a different  well-yield  range  if 
they  were  shown  on  a more  detailed  map. 

Classification  of  areas  on  the  basis  of  the  yields  of  indi- 
vidual wells  may  be  satisfactory  from  the  viewpoint  of  the  individual 
water  developer  and  user,  but  the  cumulative  effects  of  continued 
withdrawal  from  a number  of  wells  in  an  area  may  not  be  related  to 
individual  well  yields,  and  generally  can  be  determined  only  by  de- 
tailed sophisticated  studies.  Cautionary  statements  are  included 
where  it  seems  probable  that  the  combined  effects  of  pumping  several 
wells  could  result  in  withdrawal  at  rates  exceeding  the  rate  of 
replenishment . 


Basis  for  Statements  on  Quality  of  Ground  Water 


In  a large  area  such  as  the  Columbia-North  Pacific  Region, 
ground-water  quality  varies  considerably  between  aquifer  units  and 
from  place  to  place  within  a unit.  Frequently,  water-quality  data 
are  scanty  or  entirely  lacking  Statements  and  data  regarding 
ground-water  quality  necessarily  are  broadly  generalized  throughout 
the  report.  However,  an  attempt  was  made  to  mention  known  occur- 
rences of  any  element  or  constituent  that  may  cause  problems  in  the 
use  of  the  water  for  domestic,  public,  industrial,  or  irrigation 
supply.  The  intention  was  not  so  much  to  give  specific  data  on  the 
degree  of  the  hazard  or  problem,  but  to  warn  that  a certain  hazard 
may  exist.  More  information  on  the  degree  of  the  hazard  or  problem 
can  be  obtained  from  the  references  cited.  The  bases  for  stating 
that  certain  elements  or  constituents  of  ground  water  are  or  may 
be  excessive  or  hazardous  are  given  in  the  following  paragraphs. 
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Hardness  of  Water  The  classification  given  under  "Quality" 
in  the  surface-water  section  was  used  in  relating  quantitative 
data  on  hardness  to  adjectives  expressing  degree  of  water  hardness. 


Arsenic,  Fluoride,  and  Iron  The  Public  Health  Service  lists 
recommended  limits  for  certain  constituents  in  water  used  for  drink- 
ing. (168)  Several  chemical  constituents  are  in  excess  of  those 
limits  in  ground  water  at  various  places  in  the  region.  Statements 
that  these  constituents  are,  or  may  be  excessive,  mean  that  they 
exceed  the  limits  set  by  the  Public  Health  Service  as  abstracted 
below: 


Constituent 

Arsenic  (As) 
Fluoride  (F) 
Iron  (Fe) 


Recommended  Limit  (mg/1) 

0.01 

1.3- 1.7  If 
.3 


Boron,  Percent  Sodium,  Sodium  Adsorption  Ratio  The  suit- 
ability of  water  for  irrigation  is  dependent  chiefly  on  the  concen- 
tration of  dissolved  solids,  boron,  sodium,  and  bicarbonate.  The 
U.S.D.A.  Salinity  Laboratory  has  published  classifications  expressing 
suitability  of  water  with  respect  to  concentration  of  dissolved 
solids,  boron,  SAR  (sodium  adsorption  ratio),  and  residual  sodium 
carbonate.  The  degree  of  the  hazard  is  related  not  only  to  the 
concentrations  of  the  constituents  but  also  to  the  kinds  of  crops 
grown,  the  character  of  the  soil,  and  agricultural  practices.  Thus, 
statements  regarding  hazards  must  be  greatly  generalized  or  be  very 
specific.  Statements  in  this  report  are  generalized. 

The  general  range  in  concentration  of  dissolved  solids  is 
given  throughout  the  report.  Usually  not  many  data  are  available 
on  boron.  Statements  that  boron  is  or  may  be  excessive  mean  that 
some  water  samples  show  boron  in  excess  of  0.67  mg/1  (however, 
boron  in  excess  of  0.33  mg/1  may  be  injurious  to  sensitive  crops). 
Some  data  are  available  on  SAR  values  and  the  general  range  in 
SAR  is  stated  where  possible.  Many  of  the  earlier  chemical  analyses 
report  "percent  sodium"  rather  than  SAR.  Where  sodium  is  appreci- 
ably more  than  50  percent  of  the  total  cations  and  dissolved  solids 
are  greater  than  500  mg/1,  sodium  is  considered  as  possibly  exces- 
sive. As  a rule,  residual  sodium  carbonate  has  not  been  calculated 
for  water  analyses  in  the  region  and  information  on  residual  sodium 
carbonate  is  omitted  from  this  report. 


1/  See  more  complete  discussion  in  section  on  surface  water 
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Silica  The  concentration  of  silica  is  included  in  many 
analyses  of  ground  water  in  the  region  and, in  nearly  all,  the  con- 
tent is  between  10  and  70  mg/1.  The  more  common  range,  however,  is 
20  to  SO  mg/1.  The  usual  range  for  silica  in  various  aquifer  units 
is  given  in  the  Regional  Summary  and  at  several  places  in  the  sub- 
regional chapters. 


Areal  Distribution  of  Ground  Water 

Ground  water  can  be  obtained  at  practically  any  place  in  the 
region.  However,  the  quantities  obtainable  from  a well  range  from 
a very  few  to  many  thousands  of  gallons  per  minute.  Also,  the  depth 
to  the  water  table  to  which  a well  must  be  drilled  to  obtain  a 
ground-water  supply  ranges  from  a few  feet  to  more  than  a thousand 
feet.  These  great  differences  are  related  chiefly  to  differences 
in  the  geology,  the  quantity  of  precipitation,  and  the  topography 
and  drainage. 

About  42  percent  of  the  region  is  underlain  by  aquifer  units 
with  low  porosity  and  permeability  that  generally  will  yield  only 
small  supplies  of  ground  water.  It  is  fortunate  that  these  units 
are  confined  mainly  to  thinly  populated  areas  where  water  needs  are 
comparatively  small  and  surface-water  supplies  are  plentiful. 
Generally,  because  of  low  permeability  and  low  yields,  the  cone  of 
depression  surrounding  an  individual  well  is  small  and  there  is 
little  mutual  interference  between  wells.  Thus,  these  aquifer  units 
will  supply  water  for  tens  of  thousands  of  wells.  A small  percent- 
age of  the  wells  yield  moderate  quantities  of  water,  sufficient  for 
a small  community,  i.idustrial,  or  commercial  supply. 

West  of  the  Cascade  Range  the  major  aquifers  are  chiefly  sand 
and  gravel  in  the  alluvial  and  glacial  deposits.  Many  wells  having 
moderate  to  large  yields  have  been  drilled  in  these  deposits  in  the 
Puget  Sound  Subregion  and  in  the  Willamette,  Cowlitz,  Chehalis,  and 
other  river  valleys. 

In  the  plateaus  of  central  and  eastern  Washington,  north- 
central  and  northeastern  Oregon,  and  west-central  Idaho  (parts  of 
Subregions  1,  2,  3,  6,  and  7)  basalt  of  the  Columbia  River  Group 
and  similar  basalt  is  the  most  widespread  major  aquifer  and  yields 
moderate  to  large  quantities  of  water  to  many  wells.  Recharge  from 
direct  precipitation  is  generally  small,  but  some  areas  receive 
additional  recharge  from  streams  draining  adjacent  mountain  areas 
or  from  irrigation  seepage.  Over  large  areas  of  the  plateau,  how- 
ever, recharge  is  entirely  from  the  scanty  local  rainfall  which 
limits  the  quantity  of  ground  water  than  can  be  obtained. 

Alluvial  deposits  are  important  aquifers  along  the  Columbia 
River  downstream  from  Grand  Coulee  Dam;  in  the  Spokane,  Okanogan, 
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Yakima,  and  Walla  Walla  River  valleys;  and  in  the  Ephrata-Moses 
Lake  and  Pasco  areas.  The  alluvial  deposits  also  are  major  aquifers 
in  valleys  in  northern  Idaho  and  Montana  in  such  places  as  the 
Rathdrum  Prairie,  and  the  Bitterroot,  Flathead,  Kootenai,  and 
similar  valleys. 

Volcanic  rocks,  sedimentary  strata,  and  valley  alluvial 
deposits  are  important  aquifers  in  south-central  and  southeastern 
Oregon  and  southwestern  Idaho  but  have  been  developed  only  at  a 
few  places.  The  high  altitude  limits  the  crops  that  can  be  grown 
and  the  great  depth  to  water  at  some  places  makes  utilization  of 
ground  water  expensive. 

Extensive  aquifers  underlie  the  Snake  River  Plain  and  more 
ground  water  is  withdrawn  in  that  area  than  in  any  other  part  of 
the  region.  Basalt  is  the  major  aquifer  in  the  eastern  Snake  River 
Plain  (Subregion  4)  but  alluvial  deposits  are  important  near  the 
Snake  River  and  in  tributary  valleys.  In  western  Idaho  (Subregion 
5),  alluvium,  basalt,  silicic  volcanic  rocks,  and  sedimentary 
deposits  are  all  important  aquifers. 

Major  aquifers  in  the  region  are  shown  on  the  map,  figure  20. 


Aquifer  Units  and  Their  Hydrologic  Characteristics 

All  available  sources  of  information  on  ground  water  and 
geology  were  used  in  differentiating  the  aquifer  units  (references 
are  given  in  the  subregion  descriptions) . Published  State  geologic 
maps  and  other  published  and  unpublished  geologic  maps,  ground- 
water  reports,  and  data  were  used  in  delineating  the  boundaries  and 
determining  hydrologic  characteristics.  Because  of  differences  in 
mapping  techniques,  detail  of  coverage,  dates  of  mapping,  and  for 
many  other  reasons,  there  are  inconsistencies  at  the  boundaries 
between  maps.  Generally,  it  was  not  possible  to  completely  recon- 
cile differences  and  a particular  aquifer  unit  may  include  slightly 
different  assemblages  of  strata  from  place  to  place.  Several 
hundred  geologic  formations  have  been  mapped  in  the  region;  to 
reduce  these  to  a few  aquifer  units  that  could  be  shown  on  each 
subregion  map  required  grouping  of  many  formations  into  a single 
aquifer  unit.  Grouping  was  not  always  completely  consistent  from 
subregion  to  subregion. 

All  mapped  geologic  formations  were  grouped  into  9 major 
aquifer-unit  groups:  3 groups  consist  predominantly  of  sediments 

or  sedimentary  rocks;  4 are  predominantly  volcanic  rocks;  1 is 
older  Tertiary  volcanic  and  sedimentary  rocks,  undifferentiated; 
and  1 includes  all  pre-Tertiary  volcanic  rocks.  Because  of  the 
differences  mentioned  above,  terminology  and  map  symbols  used  for 
the  units  varied  somewhat  between  subregions.  Furthermore,  many 
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Table  11  - Summary  of  Aquifer  Units  Columbia-North  Pacific  Region 
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formations  as  mapped  contain  both  volcanic  and  sedimentary  rocks. 
These  formations  are  included  with  volcanic-rock  or  sedimentary- 
rock  units  according  to  the  predominance  of  rock  types.  The 
aquifer-unit  groups,  their  general  hydrologic  characteristics,  and 
the  differences  in  designations  between  subregions  are  summarized 
in  table  11.  The  relation  of  geologic  age  and  hydrologic  char- 
acteristics of  the  aquifer-unit  groups  is  shown  in  table  12. 


Table  12  - Geologic  Age  of  the  Aqulfer-Unlt  Groups  end  Its  Relation  to  Hydrologic  Cherecter lstlcs 


AGE  DIVISIONS 

*Kurn-imii  enow 

\ 2 

3 U 5 

6 7 8 !> 

>• 

i 

Holocene 

(Recent) 

1 

■ 

Pleistocene 

■ 

1 

TERTIARY 

Pliocene 
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1 I 

Miocene 

1 ! 1 

Ollgocene 

a 

a 

a 

Eocene 

Pre-Tertiary; 

WS0Z01C 

PALEOZOIC 

Precaabr  lan 

General  vell- 
yleld  and 
aquifer 

characteristics. 

Moderate  to  very 
large  veil  yields. 
Units  Include  many 
excellent  to  out- 
standing aquifers. 

Snail  to  large 
yields.  Includes 
many  good  to  ex- 
cellent aquifers. 

Mostly  small  yields;  moderate 
yields  at  favorable  locations. 
Generally  will  support  vide* 
spread  development  for  domestic, 
other  small  supplies. 

Solid  lines  Indicate  usual  age  range;  dashed  lines  Indicate  extended  age  range  In  some  areas. 


Alluvial  and  Glacial  Deposits 


Unconsolidated  to  slightly  consolidated  sedimentary  deposits 
are  included  in  this  group.  All  Quaternary  sedimentary  deposits  are 
included  and,  in  several  subregions,  some  late  Pliocene  deposits. 

The  group  includes  fluvial,  lacustrine,  glacial,  and  windblown 
deposits.  In  most  subregions  the  aquifer  unit  is  shown  as  alluvial 
deposits  of  Quaternary  age  (Qal) , but  in  Subregions  1,  2,  and  11 
where  glacial  and  glaciof luvial  deposits  predominate,  it  was  given 
the  map  symbol  for  glacial  deposits  (Qg) . In  Subregions  8,  9,  and 
12  some  Pliocene  basin-fill  sediments  were  included  with  the  allu- 
vial deposits;  this  is  indicated  on  the  aquifer-unit  maps  by  using 
the  symbol  "QTal." 


The  alluvial  deposits  have  high  porosities,  generally  ranging 
from  10  to  40  percent.  Specific  yields  are  somewhat  less,  ranging 
from  practically  zero  for  some  clays  to  about  35  percent  for  well- 
sorted  sands.  The  specific  yieid  of  most  alluvial  materials  probably 
ranges  between  5 and  30  percent.  Permeabilities  also  differ  over  a 
very  wide  range.  Some  clays  are  almost  completely  impermeable,  and 
silt  generally  has  low  permeability.  Clean,  well-sorted  sand,  and 
sand  and  gravel  are  moderately  to  highly  permeable.  Lacustrine 
deposits  commonly  are  fine  grained  and  have  low  to  moderate  perme- 
ability; stream  channel  and  delta  deposits  are  coarser  and  generally 
have  moderately  high  to  very  high  permeability. 

Moderately  to  highly  permeable  aquifers  occur  extensively  in 
the  alluvial  deposits  of  the  Willamette  Valley,  Puget  Sound  basin, 
Spokane  Valley-Rathdrum  Prairie,  Columbia  Basin  Project  area,  Snake 
River  valley,  and  many  smaller  basins  and  narrower  valleys  through- 
out the  region.  Where  a few  tens  to  a hundred  feet  or  more  of  per- 
meable strata  are  saturated,  individual  wells  commonly  yield  several 
hundred  to  several  thousand  gallons  per  minute.  Alluvial  and  glacial 
deposits  are  important  sources  of  ground-water  supply  in  every  sub- 
region  . 


The  quality  of  ground  water  in  the  alluvial  deposits  ranges 
from  good  to  excellent.  Dissolved  solids  generally  are  less  than 
300  mg/1  and  rarely  exceed  500  mg/1  except  in  some  irrigated  areas 
where  the  mineral  content  has  fticreased  because  of  percolation  from 
irrigated  lands.  Dissolved  solids  exceed  500  mg/1  in  samples  from 
some  wells  in  those  areas,  but  rarely  exceed  1,000  mg/1.  The  water 
mostly  is  soft  to  moderately  hard  in  areas  where  circulation  of 
water  is  rapid  and  where  the  alluvial  deposits  are  mostly  non- 
calcareous.  In  more  arid  regions  where  circulation  of  ground  water 
may  be  slower  and  the  alluvial  deposits  contain  considerable  cal- 
careous materials,  the  water  is  generally  moderately  hard  to  hard. 
Iron  causes  problems  in  many  places,  especially  west  of  the  Cascade 
Range . 
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Younger  Volcanic  Rocks 

The  younger  volcanic  rocks  include  lava  flows  and  pyroclastic 
rocks  ranging  in  age  generally  from  upper  Pliocene  to  Holocene 
(Recent) . Older  Pliocene  volcanic  rocks  may  be  included  at  a few 
places.  Most  of  the  volcanic  rocks  are  basaltic  in  composition, 
but  they  include  some  andesitic  and  locally  some  silicic  volcanic 
rocks.  The  lava  ranges  from  dense  to  vesicular,  and  some  is  open 
textured.  Volcanic  breccia,  scoria,  cinders,  and  ash  are  common. 

The  younger  volcanic  rocks  are  nearly  everywhere  moderately 
to  highly  porous.  Vesicles  are  not  filled  and  at  many  places  the 
rock  is  open  textured;  that  is,  the  rock  appears  to  be  a felted 
mass  of  crystals  incompletely  cemented  together.  Porosities  deter- 
mined for  108  samples  from  the  Snake  River  Plain  (86-158)  ranged 
from  3.8  to  37.4  percent  and  averaged  about  16  percent  as  determined 
from  core  and  grab  samples  from  flows.  No  data  are  available  on 
porosities  of  lava  from  other  parts  of  the  region;  however,  the 
lava  in  other  areas  appears  to  be  equally  porous.  Not  all  of  the 
pores  are  interconnected,  and  specific  yield  is  less  than  the  total 
porosity.  The  average  porosity  and  specific  yield  of  the  younger 
volcanic  rocks  as  a whole  are  greatly  increased  by  openings  between 
successive  flows  and  by  interflow  materials  such  as  breccia,  scoria, 
and  cinders.  Some  of  these  interflow  deposits  probably  have 
porosities  and  specific  yields  exceeding  50  percent. 

Pumping  tests  of  one  to  a few  days'  duration  in  the  Snake 
River  Plain  suggest  that  the  specific  yield  of  the  younger  volcanic 
rocks  ranges  up  to  20  percent  and  averages  4 or  5 percent.  Because 
of  slow  drainage  of  the  aquifer  as  it  is  dewatered  and  the  rela- 
tively short  duration  of  the  tests,  the  average  true  specific  yield 
may  be  higher.  A value  of  5 percent  was  used  in  computing  storage 
for  this  report. 

The  younger  volcanic  rocks  are  among  the  most  permeable  in 
the  world.  However,  the  interior  of  an  individual  flow  unit  has 
low  permeability;  the  coefficient  of  permeability  of  24  core  samples 
from  the  Snake  River  Plain  averaged  0.14  gpd  (gallons  per  day)  per 
square  foot.  (86-158)  In  contrast,  zones  at  and  adjacent  to  the 
contacts  of  successive  flows  where  the  viscous  lava  of  a later  flow 
has  failed  to  fill  the  irregular  openings  of  the  rough  surface  of 
a preceding  flow  are  very  permeable.  At  some  places  scoria,  cinders, 
and  other  pyroclastic  rocks  between  flows  also  are  very  permeable. 

The  average  coefficient  of  permeability  of  the  Snake  Plain  aquifer 
may  be  on  the  order  of  20,000  gpd  per  square  foot.  The  average 
coefficient  of  permeability  of  the  interflow  zones,  representing 
only  a fraction  of  the  total  thickness  of  the  aquifer,  may  be  on 
the  order  of  100,000  to  200,000  gpd  per  square  foot.  The  coeffi- 
cient of  transmissibi 1 ity  of  the  aquifer  ranges  generally  from  1 to 
60  million  and  the  average  may  be  greater  than  5 million  gpd  per 
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foot.  Data  are  not  available  regarding  permeabilities  and  trans- 
missibi lities  of  the  unit  in  other  areas,  but  the  large  springs 
that  discharge  into  streams  draining  the  High  Cascade  Range  in 
Oregon  and  Washington  suggest  equally  high  permeabilities  for  the 
younger  volcanic  rocks  in  those  areas. 

The  younger  volcanic  rocks  occur  extensively  in  the  plains 
and  plateaus  of  Subregions  4 and  5,  and  in  the  High  Cascade  Range 
in  parts  of  Subregions  7,  9,  10,  and  12.  The  unit  also  occupies 
small  areas  at  high  altitudes  in  the  Cascade  Range  in  Subregions  3, 

8,  and  11. 

The  quality  of  ground  water  in  the  younger  volcanic  rocks 
generally  is  good  to  excellent.  The  concentration  of  dissolved 
solids  generally  ranges  from  less  than  100  mg/1  in  parts  of  the 
Cascade  Range  where  precipitation  is  great  and  circulation  of  ground 
water  is  comparatively  rapid  to  about  500  mg/1  in  semia^-id  parts  of 
the  region.  At  some  places  where  seepage  from  irrigated  tracts  is 
an  important  source  of  recharge,  the  concentration  of  dissolved 
solids  may  be  greater,  but  rarely  exceeds  700  mg/1.  The  water 
ranges  from  soft  to  very  hard;  generally  where  dissolved  solids 
exceed  500  mg/1,  the  water  is  hard  to  very  hard.  However,  at  a 
few  places,  sodium  is  in  excess  of  calcium  and  magnesium,  the  water 
is  softer,  and  excessive  sodium  may  be  a problem.  Rarely  are  boron 
or  fluoride  present  in  concentrations  high  enough  to  create  problems. 
Silica  usually  ranges  from  about  20  to  60  mg/1  and  ground-water 
temperatures  range  from  45°  to  60°F. 

Younger  Sedimentary  Rocks 

The  younger  sedimentary  rocks  include  deposits  ranging  in 
age  from  middle  Miocene  to  lower  Pleistocene,  but  are  chiefly  of 
Pliocene  age.  They  represent  a somewhat  older  age  range  than  the 
younger  volcanic  rocks.  Included  in  this  group  are  the  Ellensburg, 
Latah,  Payette,  Salt  Lake,  Mascall,  Madras,  Dalles,  and  Rattlesnake 
Formations;  the  sedimentary  rocks  of  the  Idaho  Group,  the  Wilkes 
Formation,  and  the  lower  part  of  the  Troutdale  Formation  (the  upper 
part  is  included  with  the  alluvial  deposits  in  Subregions  8 and  9) . 
Unnamed  deposits  covering  the  same  age  range  in  southeastern  Oregon 
are  included.  All  of  these  units  were  deposited  in  a continental 
(nonmarine)  environment.  Marine-age  equivalents  are  confined  almost 
exclusively  to  Subregion  10,  where  they  have  not  been  separated  from 
the  much  more  extensive  older  sedimentary  rocks. 

The  strata  in  the  younger  sedimentary  rocks  range  from  coarse 
conglomerates  to  fine-grained  shales  and  tuffs.  The  materials  are 
predominantly  of  volcanic  origin;  andesitic  pebbles  are  common  in 
the  conglomerates,  basalt,  and  other  volcanic-rock  grains  are 
common  in  the  sandy  strata,  and  the  finer-grained  sediments  arc 
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predominantly  tuffaceous.  Because  the  deposits  accumulated  in 
separate  basins  of  varying  size,  there  are  considerable  lithologic 
differences  from  area  to  area.  Deposits  are  commonly  lenticular 
and  the  coarse-grained  strata  are  cross  bedded. 

In  general,  according  to  the  few  data  on  porosity  that  have 
been  collected,  the  deposits  are  moderately  porous.  Most  of  the 
deposits  are  slightly  to  moderately  cemented  so  that  porosity  and 
specific  yield  usually  are  somewhat  lower  than  in  the  alluvial 
deposits.  Most  aquifer  tests  have  been  performed  on  wells  tapping 
aquifers  where  the  water  is  confined,  and  the  coefficient  of  storage 
is  for  artesian  conditions  and  is  not  comparable  to  specific  yield. 
The  specific  yield  is  believed  to  range  commonly  from  a few  percent 
for  fine-grained  materials  to  20  percent  for  coarse-grained 
materials . 

The  deposits  range  from  practically  impermeable  clay,  shale, 
and  tuff  to  very  permeable  sand  and  conglomerate.  Not  only  do  the 
individual  strata  within  a formation  differ  greatly  in  permeability, 
but  also  some  formations  contain  better  aquifers  than  others. 

Stevens  (152-14)  notes  that  wells  in  the  Idaho  Formation  yield  up 
to  1,600  gpm  (gallons  per  minute),  Smith  (145-46)  lists  wells  in 
the  Ellensburg  Formation  yielding  up  to  900  gpm,  and  Walker  (in 
preparation)  lists  wells  with  yields  up  to  3,200  gpm  in  the  Salt 
Lake  Formation . However,  the  average  yields  are  much  less  and 
yields  of  100  to  a few  hundred  gallons  per  minute  are  more  common. 
Also,  in  some  areas  the  deposits  consist  almost  entirely  of  fine- 
grained materials  where  yields  of  more  than  a few  tens  of  gallons 
per  minute  are  difficult  to  obtain. 

The  younger  sedimentary  deposits  are  extensive  in  south- 
central  Washington  (Subregion  3),  in  eastern  Oregon,  southern  Idaho, 
and  northern  Nevada  (Subregions  4,  5,  7,  and  12).  The  deposits  are 
also  delineated  in  basins  in  Montana  (Subregion  1).  Deposits  in 
northern  Idaho  and  northern  and  eastern  Washington  (Latah  Formation) 
are  not  extensively  exposed  and,  for  the  most  part,  are  included 
with  the  basalt  of  the  Columbia  River  Group  with  which  they  inter- 
finger. 


Water  from  the  younger  sedimentary  deposits  generally  has  a 
somewhat  higher  di ssolved-solids  content  and  a higher  sodium  per- 
centage than  water  from  the  alluvial  deposits  and  the  younger 
volcanic  rocks.  Generally,  the  concentration  of  dissolved  solids 
is  less  than  500  mg/1,  but  it  may  be  more  from  some  deep  wells  and 
exceeds  1,000  mg/1  from  some  wells  in  Subregion  12.  The  water 
commonly  is  moderately  hard  to  hard,  but  at  places  where  the  per- 
cent of  sodium  is  high,  the  water  may  be  softer.  Boron  and  fluoride 
concentrations  are  excessive  at  a few  places. 
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Silicic  Volcanic  Rocks 


The  silicic  volcanic  rocks  include  the  widespread  occur- 
rences of  silicic  flows  and  pyroclastic  rocks  chiefly  of  Miocene 
and  Pliocene  age  in  southeastern  Oregon,  southern  Idaho,  and  Nevada. 
The  unit  has  been  delineated  only  in  Subregions  4 and  5.  Similar 
rocks  occur  elsewhere  in  central  and  eastern  Oregon  but  are  of  small 
extent  or  have  not  been  separated  from  other  formations  on  published 
geologic  maps.  Therefore,  the  silicic  volcanic  rocks  in  Subregions 
7 and  12  have  been  included  with  the  other  volcanic-rock  units. 


The  unit  consists  of  silicic  latite,  rhyolite,  and  similar 
rocks.  The  silicic  latite  occurs  chiefly  as  thick  layers  of  devit- 
rified  welded  tuff.  Bedded  tuff  and  latitic  and  rhyolitic  flows 
are  also  common.  Coarse  pyroclastics , tuffaceous  shale,  sandstone, 
and  conglomerate  are  interbedded  with  the  volcanic  rocks  in  some 
areas . 


The  hydrologic  characteristics  of  the  unit  vary  greatly. 

Thick  sections  of  tuff,  shale,  and  other  fine-grained  clastic  and 
pyroclastic  rocks  have  low  permeability  and  yield  little  water. 
Fractured  and  rubbly  flows,  coarse  pyroclastic  rocks,  and  conglom- 
erates are  highly  permeable  and  yield  large  quantities  of  water. 

No  data  are  available  on  the  porosity  or  specific  yield.  Judging 
by  appearance,  the  unit  probably  is  moderately  porous;  because  much 
of  the  unit  consists  of  welded  tuff,  fine-grained  elastics  and  pyro- 
clastics, and  dense  flows,  the  specific  yield  is  believed  to  be 
much  less  than  the  porosity.  A specific  yield  of  2 percent  was 
used  for  estimating  water  in  storage. 

The  silicic  volcanic-rock  unit  is  confined  to  two  irregular 
belts  flanking  the  Snake  River  Plain  from  Yellowstone  National  Park 
westward  into  Oregon.  The  rocks  crop  out  in  only  a few  small  areas 
on  the  north  flank  of  the  plain,  but  outcrop  areas  are  extensive 
along  the  south  flank.  A large  part  of  the  area  is  nearly  uninhab- 
ited rangeland  where  few  wells  have  been  drilled.  Wells  have 
obtained  large  yields  from  the  unit  in  the  Bruneau-Grandview  area 
in  Idaho  where  it  underlies  the  younger  sedimentary-  and  volcanic- 
rock  units.  Water  also  is  obtained  from  the  unit  in  the  Sailor 
Creek  upland,  the  Salmon  Falls  Creek  area,  the  Dry  Creek-Goose  Creek 
area,  and  on  the  bench  south  and  east  of  Rexburg,  all  in  Idaho.  In 
parts  of  those  areas  the  unit  is  overlain  by  younger  volcanic  and 
sedimentary  rocks,  and  is  tapped  by  wells  that  completely  penetrate 
the  overlying  deposits. 

Few  data  on  water  quality  are  available.  In  the  Bruneau- 
Grandview  area  dissolved  solids  are  less  than  500  mg/1,  the  water 
is  soft,  and  has  a high  percent  of  sodium.  Fluoride  concentrations 
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are  excessive  at  places.  In  the  Salmon  Falls  Creek  area  dissolved 
solids  generally  are  less  than  800  mg/1,  but  exceed  that  amount  in 
a few  samples.  Sodium  hazard  is  low,  and  fluoride  concentrations 
generally  are  low. 


Basaltic  and  Andesitic  Volcanic  Rocks 


Basaltic  and  andesitic  volcanic  rocks  of  middle  Tertiary 
age  occupy  more  area  than  any  other  group  except  pre-Tertiary  rocks. 
The  formations  included  in  the  group  are  chiefly  of  Miocene  age, 
but  some  middle  and  upper  Oligocene  and  lower  Pliocene  rocks  also 
are  included.  The  Columbia  River  Group  of  Miocene  to  lower  Pliocene 
age  is  the  most  widespread  representative  of  the  group,  cropping 
out  in  southwestern  Washington,  northern  Oregon,  southeastern  Wash- 
ington, and  northwestern  Idaho.  Other  rocks  included  in  the  group 
are  the  Sardine  Formation  and  the  Little  Butte  Volcanic  Series  and 
similar  rocks  of  the  western  Cascade  Range  in  Oregon,  and  the 
Strawberry  Volcanics,  Picture  Gorge  Basalt,  Steens  Basalt,  Picture 
Rock  Basalt,  Owyhee  Basalt,  and  similar  rocks  in  central  and  east- 
ern Oregon  and  southwestern  Idaho. 

The  lavas  occur  as  very  extensive  sheets  from  a few  tens  to 
more  than  100  feet  thick.  Both  platy  and  columnar  jointing  are 
common.  At  many  places  pyroclastic  rocks  or  sedimentary  deposits 
are  interbedded  with  the  flows.  Usually  the  central  part  of  the 
individual  flow  is  dense  and  ghe  unbroken  rock  is  nearly  impermeable 
Water  can  occur  in  and  move  through  only  the  horizontal  or  vertical 
joints  in  that  part  of  the  flow;  the  permeability  depends  on  the 
size  and  spacing  of  joints  and  generally  ranges  from  very  low  to 
low.  The  upper  parts  of  some  flows  are  vesicular,  scoriaceous, 
rough,  and  rubbly.  If  the  succeeding  lava  flow  incompletely  filled 
openings  in  the  preceding  flow,  interconnected  openings  were  left 
that  became  water-bearing  horizons.  Coarse  clastic  and  pyroclastic 
rocks  between  flows  also  are  good  water-bearing  horizons,  but  silt, 
clay  and  other  fine-grained  sediments  fill  and  seal  the  openings 
between  flows  and  greatly  reduce  the  permeability  of  interflow  zones 

Because  nearly  all  the  permeability  of  the  volcanic  rocks  is 
in  the  interflow  zones,  a single  flow  generally  yields  little  water. 
Where  thick  sections  of  basalt  occur,  containing  several  to  many 
interflow  zones,  moderate  to  large  yields  of  water  can  be  obtained. 
The  yield  of  a well  thus  is  roughly  related  to  the  thickness  of  the 
aquifer  unit  penetrated.  For  basalt  of  the  Columbia  River  Group,  a 
well  penetrating  several  interflow  zones  will  yield  roughly  1 to 
1-1/2  gpm  per  foot  of  penetration  below  the  top  of  the  saturated 
zone.  At  many  places  the  central  part  of  the  flow  lias  such  low- 
permeability  that  it  is  effective  in  confining  water  in  the  inter- 
flow zone  beneath.  Moderate  to  large  differences  in  head  have  been 
noted  in  drilling  through  successive  interflow  zones. 
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Little  information  is  available  on  the  porosity  and  specific 
yield  of  the  basaltic  and  andesitic  volcanic  rocks.  Mostly  the 
porosity  and  specific  yield  of  the  central  part  of  flows  are  very 
small.  In  contrast,  the  porosities  and  specific  yields  of  some 
interflow  zones  may  range  up  to  40  percent.  However,  because  the 
interflow  zones  are  generally  separated  by  many  feet  of  rock  of  low 
porosity,  the  average  porosity  and  specific  yield  are  low.  A value 
of  1 percent  was  used  for  specific  yield  for  calculating  ground 
water  in  storage  in  this  unit.  Coefficients  of  storage  determined 
from  pumping  tests  commonly  are  much  less  because  the  aquifers 
generally  react  as  artesian  aquifers  during  the  test  and  thus  do 
not  give  the  true  specific  yield. 

The  basaltic  and  andesitic  volcanic  rocks  are  important 
aquifers  over  a wide  area.  Basalt  of  the  Columbia  River  Group  is 
the  chief  aquifer  in  Subregions  2 and  3 and  is  important  in  parts 
of  Subregions  1,  5,  6,  and  7.  Many  hundreds  of  wells  yield  moder- 
ately large  to  large  quantities  of  water  for  irrigation,  municipal, 
and  industrial  use,  and  many  smaller  wells  are  used  for  domestic 
supply.  Other  units  of  the  group  furnish  comparable  supplies  in 
parts  of  Subregions  5,  7,  and  12.  Basalt  of  the  Columbia  River 
Group  also  yields  moderate  to  moderately  large  supplies  at  some 
places  in  the  northern  part  of  Subregion  9.  The  Sardine  Formation, 
the  Little  Butte  Volcanic  Series,  and  similar  rocks  yield  moderate 
quantities  at  some  places  along  the  western  flank  of  the  Cascade 
Range  in  Subregions  9 and  10. 

The  chemical  quality  of  the  water  is  good  for  most  uses. 
Concentration  of  dissolved  solids  commonly  is  less  than  400  mg/1, 
and  the  water  is  moderately  hard  to  hard.  Silica  generally  ranges 
from  40  to  60  mg/1.  The  sodium  adsorption  ratio  usually  is  less 
than  2 but  at  a few  places  is  S to  10.  Fluoride  and  sodium  con- 
centrations are  high  in  some  deep  wells,  apparently  where  water 
has  been  in  the  aquifer  for  a long  time. 


Volcanic  ur;d  Sedimentary  Rocks,  Undifferentiated 

The  geology  of  extensive  areas  in  southeastern  Oregon  and 
northern  Nevada  has  been  mapped  only  in  a very  general  way.  These 
areas  are  known  to  be  largely  underlain  by  volcanic  and  sedimentary 
rocks  of  Miocene  or  younger  age  which  are  comparable  to  the  aquifers 
included  in  groups  2,  3,  4,  and  5 of  table  11  and  described  in 
previous  paragraphs.  The  rocks  are  shown  on  aquifer-unit  maps  of 
Subregions  4 and  5 under  the  symbol  "QTvs."  Most  of  the  area  is 
semiarid,  largely  uninhabited,  rangeland,  and  a few  data  are  avail- 
able on  ground  water.  Undoubtedly,  moderately  large  to  large  yields 
can  be  obtained  at  some  places;  however,  over  much  of  the  area,  the 
depth  to  water  is  several  hundred  to  many  hundred  feet,  and  probably 
exceeds  1,000  feet  at  some  places. 
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Older  Volcanic  Rocks 


The  older  volcanic  rocks,  group  6 in  table  11,  are  chiefly 
of  Eocene  and  Oligocene  age,  but  may  include  some  volcanic  rocks 
of  Miocene  age  where  these  have  not  been  separated  from  the  older 
volcanic  rocks.  They  also  include  some  small  mapped  areas  of 
Miocene  rocks  that  were  too  small  to  show  separately.  In  order  to 
keep  the  aquifer-unit  map  as  simple  as  possible,  igneous  rocks 
intruded  into  the  volcanic  rocks  are  also  included. 

The  older  volcanic  rocks  consist  chiefly  of  andesite  and 
basalt  flows,  flow  breccia,  pyroclastic  rocks,  and  some  inter- 
bedded  sedimentary  strata.  In  the  Coast  Ranges,  marine  sedimentary 
strata  are  interbedded  with  volcanic  rocks.  The  older  volcanic 
rocks  have  been  greatly  altered  and  the  original  pore  space  has 
been  largely  filled  with  alteration  products  and  secondary  mineral- 
ization. Vesicles  and  other  pores  have  been  filled  with  zeolites, 
calcite,  and  similar  minerals;  and  the  coarse-grained  fragments  in 
the  clastic  and  pyroclastic  rocks  have  been  largely  altered  to 
clayey  minerals.  Thus,  these  rocks  generally  have  both  low  poros- 
ity and  low  permeability. 

Drilled  wells  generally  obtain  small  yields  from  joints  and 
fractured  zones;  usually  the  quantities  are  sufficient  for  domestic 
use.  About  5 to  10  percent  of  the  wells  yield  less  than  1 gpm  and 
about  an  equal  percentage  yields  more  than  20  gpm.  The  weathered 
soil  and  subsoil  zone  apparently  is  somewhat  more  porous  than  the 
underlying  rock,  and  dug  wells  generally  yield  supplies  sufficient 
for  domestic  use.  The  water  table  fluctuates  considerably,  however, 
and  many  dug  wells  go  dry  during  periods  of  drought. 

Older  volcanic  rocks  (Tov)  are  shown  on  the  aquifer-unit 
maps  of  Subregions  8,  9,  and  10;  that  is,  west  of  the  Cascade  crest, 
and  in  part  of  Subregion  3 within  the  Cascade  Range.  Aquifer  units 
shown  with  the  map  symbol  "Tv"  in  Subregions  2 and  11  also  are 
classed  with  this  group  although  they  cover  a slightly  wider  age 
range  and  include  some  Miocene  volcanic  rocks.  In  Subregions  4 
and  6 the  Challis  Volcanics  (Tcv)  represent  the  group,  but  small 
areas  of  Challis  Volcanics  in  Subregion  5 are  included  with  the 
older  volcanic  and  sedimentary  rocks  described  later. 

The  quality  of  the  shallow  water  generally  is  good  to  fair, 
dissolved  solids  are  less  than  500  mg/1,  and  the  water  is  moderately 
hard  to  hard.  The  deeper  water  usually  has  higher  concentrations 
of  dissolved  solids  and  some  wells  in  the  Coast  Range  yield  saline 
water  which  apparently  has  migrated  from  interbedded  or  underlying 
marine  sedimentary  strata. 
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Older  Sedimentary  Rocks 

The  older  sedimentary  rocks  include  strata  chiefly  of  Eocene 
and  Oligocene  age.  Small  areas  of  Miocene  strata  are  included  at  a 
few  places  to  keep  the  map  as  simple  as  possible.  Some  areas  of 
Tertiary  intrusive  rock  also  are  included.  In  areas  where  the  older 
sedimentary  strata  are  mostly  of  marine  origin,  as  in  Subregions  9 
and  10,  they  have  been  shown  with  the  symbol  "Tm."  Where  they  are 
dominantly  of  nonmarine  origin  or  contain  large  areas  of  nonmarine 
rocks,  as  in  Subregions  4,  7,  and  11,  they  are  shown  with  the  symbol 
"Tos."  In  Subregion  3,  the  symbol  "Tc"  is  used  after  Sceva.  (58) 

In  Subregion  2,  the  older  sedimentary  rocks  consist  of  Cretaceous 
to  Paleocene  nonmarine  strata  shown  on  the  State  geologic  map  as 
"TKc"  and  that  symbol  is  used  on  the  aquifer-unit  map  for  Subregion  2. 

The  marine  sedimentary  rocks  are  chiefly  sandstone,  shale, 
and  mudstone,  with  some  limestone  and  conglomerate.  Most  of  the 
shale  and  mudstone  is  tuffaceous.  Lava  flows  and  pyroclastic  rocks 
are  interbedded  with  the  sedimentary  strata  at  some  places.  The 
nonmarine  sedimentary  rocks  are  mainly  tuffaceous  shale,  siltstone, 
and  sandstone  with  some  conglomerate,  coal  beds,  and  pyroclastic 
rocks.  For  the  most  part,  the  older  sedimentary  rocks  have  been 
compacted  and  cemented  so  that  the  original  porosity  and  perme- 
ability have  been  greatly  reduced.  In  the  unweathered  rock  most 
of  the  water  is  contained  in  and  moves  through  joints  and  other 
fractures.  At  some  places  quartzose  sandstone  has  been  less 
altered  and  cemented  and  retains  more  of  its  original  porosity  and 
permeability . 

Wells  that  tap  the  marine  sedimentary  strata  may  have 
moderate  yields  but  most  yield  less  than  10  gpm.  Roughly  90  per- 
cent of  the  wells  yield  1 to  20  gpm  with  perhaps  5 percent  below 
and  5 percent  above  that  range. 

No  quantitative  data  are  available  on  the  porosity  and 
specific  yield.  The  specific  yield  probably  is  much  less  than  the 
porosity  and  may  be  less  than  1 percent  for  the  unweathered  rock. 

The  specific  yield  of  the  weathered  zone  is  believed  to  be  somewhat 
greater. 

Many  hundreds  of  wells  obtain  domestic  water  supplies  from 
these  rocks  in  Subregions  8,  9,  10,  and  11.  A few  wells  have 
moderate  yields  sufficient  for  municipal  and  small  industrial 
supplies.  In  Subregions  2,  3,  and  4,  the  aquifers  generally  under- 
lie uninhabited  areas  and  are  not  utilized  extensively. 

i 

I 

The  shallower  water  generally  is  of  good  to  excellent  quality 
with  dissolved-solids  concentrations  of  less  than  500  mg/1.  The 
deeper  water  is  brakish  and  some  water  from  marine  strata  is  highly 
saline.  Also,  boron  and  fluoride  concentrations  commonly  are 
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excessive,  the  sodium  adsorption  ratio  may  be  5 to  10  and,  at  a few 
places,  higher. 


Older  Volcanic  and  Sedimentary  Rocks 

The  older  volcanic  and  sedimentary  rocks  include  several 
formations  in  eastern  Oregon  and  Idaho  that  consist  of  both  volcanic 
and  sedimentary  strata.  In  Subregions  5 and  7,  the  unit  consists 
chiefly  of  the  Clarno  Formation  of  Eocene  age  and  the  John  Day  Forma- 
tion of  upper  Oligocene  and  lower  Miocene  age.  The  Clarno  Formation 
consists  of  basaltic  to  rhyolitic  flows,  breccia,  tuff,  and  volcanic 
conglomerate.  The  John  Day  Formation  consists  chiefly  of  tuffaceous 
siltstone,  rhyolitic  eolian  tuff,  and  welded  tuff.  The  Challis 
Volcanics  cropping  out  over  a few  square  miles  in  the  extreme  eastern 
part  of  Subregion  S are  also  included.  In  Subregion  12,  tuffaceous 
sedimentary  rocks,  tuff,  welded  tuff,  and  silicic  flows  of  Miocene 
age  are  also  included.  These  latter  rocks  occur  mainly  in  the 
southern  part  of  Subregion  12  and  may  be  in  part  correlative  with 
the  silicic  volcanic  rocks  (Tsv)  of  Subregions  4 and  5. 

Generally  these  aquifer  units  have  low  porosities  and  perme- 
abilities and  yield  only  small  quantities  of  water.  An  occasional 
well  in  the  Clarno  and  John  Day  Formations  yields  50  to  100  gpm, 
rarely  more.  The  scanty  data  available  suggest  that  the  younger 
rocks  in  the  southern  part  of  Subregion  12  may  be  capable  of 
yielding  larger  supplies  at  some  places. 

Water  quality  usually  ranges  from  good  to  fair.  Water  at 
shallower  depths  and  in  humid  areas  where  circulation  is  more 
rapid  has  dissolved-solids  concentrations  of  300  to  500  mg/1.  In 
semiarid  areas  where  the  depth  to  water  may  be  great  and  circulation 
slow,  the  concentrations  of  dissolved  solids  may  exceed  1,000  mg/1. 
Sodium  and  boron  concentrations  are  excessive  in  water  from  some 
wells. 


Pre-Tertiary  Rocks 


All  rocks  older  than  the  Tertiary  period  have  been  placed 
in  a single  group.  In  a few  locations  intrusive  rocks  of 
Tertiary  age  also  are  included.  Because  the  age  range  is  much 
longer  from  Precambrian  to  Tertiary  than  for  all  other  groups  com- 
bined, and  because  lithologic  types  are  not  differentiated,  rocks 
of  this  group  are  very  diverse.  However,  with  few  exceptions, 
they  have  the  common  characteristics  of  low  porosity  and  low  perme- 
ability. Fortunately,  from  the  standpoint  of  ground-water  supply, 
these  rocks  crop  out  chiefly  in  uninhabited  mountainous  areas 
where  there  is  little  need  for  wells  of  large  or  even  moderate 
yield. 
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The  pre-Tertiary  rocks  in  the  northern  part  of  the  region, 
in  Subregions  1 and  2,  include  low-grade  metamorphic  rocks  of  the 
Precambrian  Belt  Series,  sedimentary  strata  of  Paleozoic  and  Mesozoic 
age,  and  granitic  to  dioritic  intrusive  rocks  of  Mesozoic  and 
Tertiary  age.  In  the  northern  Cascade  Range,  in  Subregions  3 and 
11,  the  group  consists  chiefly  of  metamorphic  and  intrusive  rocks. 

The  pre-Tertiary  rocks  in  central  Idaho,  in  Subregion  6,  and  in 
parts  of  Subregions  4 and  5,  are  chiefly  granitic  intrusive  rocks 
of  the  Idaho  Batholith  with  some  metamorphic  rocks  around  the  margin 
of  the  batholith.  The  pre-Tertiary  rocks  in  eastern  Idaho  and 
Wyoming  in  Subregion  4,  include  limestone,  sandstone,  shale,  and 
other  sedimentary  strata  of  Paleozoic  and  Mesozoic  age.  The  pre- 
Tertiary  rocks  of  the  Blue  and  Wallowa  Mountains  in  Subregions  5, 

6,  and  7,  and  the  Siskiyou  and  Klamath  Mountains  in  Subregion  10, 
are  mainly  of  Mesozoic  age  and  include  sedimentary  and  volcanic 
rocks,  in  part  metamorphosed,  and  igneous  intrusive  rocks.  In  the 
Olympic  Mountains  the  pre-Tertiary  unit  consists  mostly  of  marine 
sedimentary  rocks  and  interbedded  volcanic  rocks  of  Mesozoic  and 
early  Tertiary  age. 

With  few  exceptions  the  unweathered  pre-Tertiary  rocks  have 
very  low  porosity.  The  porosities  of  most  intrusive  igneous  rocks 
and  gneiss,  schist,  and  similar  metamorphic  rocks  probably  are  less 
than  1 percent.  Sedimentary  strata--shale , sandstone,  limestone, 
and  similar  rocks--have  somewhat  larger  porosities,  but  the  average 
porosity  of  the  pre-Tertiary  rocks  probably  is  not  more  than  a few 
percent.  Specific  yields  probably  are  much  less.  Porosities  and 
specific  yields  of  the  weathered  rock  probably  are  considerably 
higher. 

The  permeability  of  most  of  the  rocks  in  the  pre-Tertiary 
aquifer  unit  generally  ranges  from  very  low  to  low  and  most  wells 
yield  only  small  quantities  of  water.  However,  a few  wells  obtain 
moderately  large  to  large  yields  from  Paleozoic  limestone  in  the 
Goose  Creek  and  Raft  River  basins. 

Water  from  shallow  aquifers,  obtained  from  springs,  dug 
wells,  and  shallow  drilled  wells,  generally  has  low  concentrations 
of  dissolved  solids  and  no  harmful  constituents  in  excessive  con- 
centration. Some  deeper  wells  yield  more  highly  mineralized  water, 
and  many  mineralized  hot  springs  rise  along  faults  or  fractures  in 
these  rocks,  especially  in  and  near  the  Idaho  Batholith. 

Potential  Aquifers 

There  probably  are  few  unknown  aquifers  in  the  region  but 
the  knowledge  about  every  aquifer  is  incomplete,  and  for  some 
aquifers  is  very  sketchy,  particularly  in  the  more  arid  parts  of 
Idaho,  Oregon,  and  Nevada  that  are  sparsely  inhabited  and  largely 
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unexplored  with  respect  to  ground  water,  The  geologic  mapping  in 
much  of  those  areas  has  been  of  a reconnaissance  type;  the  general 
nature  and  character  of  the  aquifers  are  known  but  their  actual 
potential  can  only  be  inferred.  Undoubtedly,  wells  with  large 
yields  can  be  drilled  at  many  places  in  those  areas;  the  same  aqui- 
fers supply  large  yields  in  other  areas.  The  low  recharge  and 
great  depth  to  water,  however,  presumably  would  prevent  widespread 
intensive  development  of  ground  water  in  the  unexplored  arid  parts 
of  the  region. 

There  is  another  type  of  "potential"  aquifer.  That  is  the 
geologic  formation  or  body  of  rock  that  has  all  the  requisite  char- 
acteristics for  being  a good  aquifer  except  that  it  is  above  the 
water  table  and  is  not  saturated.  Such  potential  aquifers  become 
actual  aquifers  when  the  water  table  rises  sufficiently  owing  either 
to  increased  recharge  as  a byproduct  of  irrigation  from  a surface- 
water  supply,  or  from  a program  of  artificial  recharge.  Potential 
aquifers  of  this  type  occur  in  the  more  arid  parts  of  the  region, 
particularly  in  Subregions  5 and  12.  These  aquifers  are  discussed 
in  more  detail  in  the  subregional  sections  of  the  report  under  the 
headings  "Present  Use  and  Future  Availability,"  and  "Artificial 
Recharge ." 


Water  in  Storage 

Water  occurs  beneath  the  earth's  surface  to  depths  of  several 
thousand  feet,  and  the  quantity  of  water  stored  is  many  times  the 
quantity  stored  in  lakes,  streams,  and  reservoirs  on  the  surface  of 
the  continents.  However,  most  of  this  water  is  in  dead  storage;  it 
cannot  be  counted  as  a part  of  the  water  resource  as  only  the  upper 
part  of  the  ground-water  reservoir  can  be  utilized.  Disregarding 
considerations  of  water  quality,  the  depth  limit  to  which  the  water 
level  can  be  lowered  in  an  area  is  almost  entirely  an  economic 
limit.  In  areas  where  permeable  alluvium  overlies  rocks  of  low 
permeability,  the  limit  may  be  near  the  base  of  the  alluvium  because 
it  would  be  uneconomic  to  develop  additional  supplies  by  lowering 
the  water  table  into  the  underlying  rock.  In  areas  where  the  water 
table  is  in  rocks  of  moderate  or  low  permeability,  it  probably  would 
be  uneconomical  to  construct  and  pump  the  large  number  of  wells  that 
would  cause  a large  and  extensive  lowering  of  the  water  table.  On 
the  other  hand,  in  areas  where  permeable  deposits  extend  to  depths 
of  500,  1,000,  or  more  feet,  it  may  be  economically  feasible  to 
lower  the  water  table  100  feet  or  more.  Another  factor  to  consider 
is  that  in  many  areas  the  depth  to  which  stored  ground  water  can  be 
economically  exploited  has  tripled  or  quadrupled  in  the  past  25 
years  and  may  increase  severalfold  in  the  future. 

The  above  factors  were  considered  in  assigning  a depth  inter- 
val for  computing  the  quantity  of  ground  water  in  storage  in  the 
various  subregions. 


82 


i 


! 


I 


For  the  alluvial  and  glacial  deposits  a saturated  thickness 
of  50  feet  was  assumed  in  all  subregions  except  Subregion  12.  In 
many  valleys  the  average  saturated  thickness  of  the  deposits  may 
be  little  more  than  50  feet.  In  basins  where  the  saturated  thick- 
ness may  be  greater,  there  appears  to  be  little  likelihood  that  a 
general  lowering  of  the  water  level  of  more  than  50  feet  will  occur 
in  the  foreseeable  future. 

For  all  aquifer  units  of  low  permeability  included  in  groups 
6 through  9,  table  11,  a depth  interval  of  50  feet  below  the  top  of 
the  saturated  zone  was  used  for  computing  the  quantity  of  water  in 
storage . 

The  middle  to  late  Tertiary  volcanic  and  sedimentary  rocks 
included  in  aquifer-unit  groups  2 through  5,  table  11,  are  moder- 
ately to  highly  permeable  in  many  places.  In  the  more  humid  parts 
of  the  region,  including  Subregion  1,  and  all  subregions  west  of 
the  Cascade  Range,  it  seems  highly  unlikely  that  there  will  be 
widespread  lowering  of  the  water  table;  therefore,  a depth  interval 
of  50  feet  was  used  for  those  subregions.  In  the  arid  to  semiarid 
areas  east  of  the  Cascade  Range  where  those  rocks  are  important 
aquifers,  extensive  lowering  of  the  water  table  may  become  econom- 
ically feasible.  A depth  interval  of  100  feet  was  used  for  those 
aquifer  units  in  that  area. 

It  should  not  be  inferred  from  the  above  discussion  that  a 
general  lowering  of  50  or  100  feet  will  occur,  but  only  that  these 
are  probable  limits  for  the  next  40  or  50  years.  Furthermore,  local 
lowering  of  the  water  table  in  excess  of  these  limits  may  well  occur. 

In  this  report  the  volume  of  water  in  storage  is  defined  as 
the  volume  that  would  be  obtained  by  gravity  drainage  and  is  the 
product  of  area,  assigned  thickness,  and  specific  yield. 

So  far  as  is  known,  no  determinations  of  specific  yield 
have  been  made  for  alluvial  aquifers  in  the  Columbia-North  Pacific 
Region.  A report  by  Johnson  (56)  summarizes  the  information  avail- 
able on  specific  yields.  Most  of  the  data  are  for  tests  made  in 
California  and  a few  other  western  states.  A specific  yield  of  20 
percent  was  selected  for  the  alluvial  and  glacial  deposits  in  this 
region  on  the  basis  of  the  data  contained  in  that  report. 

Determinations  of  specific  yield  for  the  younger  volcanic 
rocks  (QTv,  QTa,  Qv) , have  been  made  by  laboratory  and  field  tests 
in  Subregion  4 and  are  summarized  in  the  description  for  that  sub- 
region.  On  the  basis  of  these  data  a specific  yield  of  5 percent 
was  used  for  the  younger  volcanic  rocks  in  all  subregions. 


The  third  aquifer-unit  group,  the  younger  sedimentary  rocks 
(QTs,  Ts,  Te) , are  slightly  to  moderately  consolidated  and  cemented 
so  that  their  porosity  is  somewhat  less  than  that  of  the  alluvial 
deposits.  In  general  they  are  finer  grained  than  the  alluvium. 

No  data  are  available  on  specific  yields  of  these  materials.  A 
specific  yield  of  10  percent  was  assumed  for  these  deposits  for 
Subregions  3,  4,  and  5.  In  Subregions  1,  7,  8,  and  12,  where  the 
deposits  are  believed  to  be  generally  finer  grained,  a specific 
yield  of  5 percent  was  used. 

The  specific  yield  of  flows  in  the  silicic  volcanic  rocks 
probably  is  less  than  1 percent;  however,  the  unit  includes  much 
pyroclastic  material  and  sedimentary  interbeds.  A specific  yield 
of  2 percent  was  assumed  for  computing  the  water  in  storage. 

No  quantitative  data  are  available  regarding  specific  yields 
of  aquifer-unit  groups  5 through  9 (table  11).  However,  at  several 
places  moderate  withdrawals  have  caused  large  local  declines  in  the 
water  table--a  qualitative  indication  of  low  specific  yields.  The 
unweathered  rocks  probably  have  specific  yields  not  exceeding  1 per- 
cent. The  weathered  rock  has  a much  higher  porosity  and  specific 
yield;  residual  soils  may  have  specific  yields  of  10  to  15  percent. 

So  far  as  is  known,  no  quantitative  data  are  available  for  the 
weathered  zone  in  the  Columbia-North  Pacific  Region.  However,  tests 
in  Georgia  (153)  indicated  that  the  specific  yield  of  the  saprolite 
(highly  weathered  rock)  derived  from  the  weathering  of  schist  and 
gneiss,  exceeded  20  percent  to  depths  of  40  feet.  The  specific  yield 
decreased  very  sharply  below  40  feet  and  approached  zero  in  the 
unweathered  rock.  These  data  may  not  be  representative  of  rocks  in 
the  Columbia-North  Pacific  Region,  but  do  lend  credence  to  the 
general  assumption  that  the  weathered  material  has  a much  higher 
specific  yield  than  the  underlying  unweathered  rock. 

In  the  arid  and  semiarid  areas  the  weathered  zone  generally 
is  thin;  furthermore,  because  of  low  recharge,  the  water  table  at 
many  places  is  in  the  unweathered  rock  below  the  base  of  the 
weathered  zone.  Therefore,  for  those  areas,  a specific  yield  of 
1 percent  was  used  in  computing  water  stored  in  aquifer-unit  groups 
5 through  9.  In  humid  areas,  the  depth  of  weathering  is  greater 
and  the  water  table  is  nearer  the  surface  because  of  much  greater 
recharge.  A specific  yield  of  2 percent  was  used  in  those  areas. 

The  area  occupied  by  each  aquifer-unit  group  and  the  esti- 
mated quantity  of  water  in  storage  within  the  specified  depth 
interval  is  given  in  table  13. 
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Table  13  - Summary  of  Storage,  Recharge,  and  Discharge  of  Ground  Water 
in  Aquifer-unit  Groups  in  the  Region 


Area 

Gross  Annual  Natural 

Square 

Quantity  of  Water 

Recharge  and  Natural 

Miles 

Acres 

in  Storage  1/ 

and  Pumped  Discharge 

Aquifer-unit  Group 

(thousands) 

(millions) 

(millions  of  ac-ft) 

(millions  of  ac-ft) 

l. 

Alluvial  and  Glacial  Deposits  41.3 

26.5 

270 

36 

2. 

Younger  Volcanic  Rocks 

28.9 

18.5 

80 

28 

3. 

Younger  Sedimentary  Rocks 

16.1 

10.3 

80 

2 

4. 

Silicic  Volcanic  Rocks 

7.7 

4.9 

10 

1 

5. 

Volcanic  Rocks  of  Middle 

Tertiary  Age 

58.0 

37.2 

38 

10 

1-5. 

Volcanic  and  Sedimentary 

Rocks,  Undifferentiated 

5.5 

3.5 

18 

.5 

b. 

Older  Volcanic  Rocks 

13.5 

8.6 

8 

7 

7. 

Older  Sedimentary  Rocks 

11.4 

7.3 

4 

6 

8. 

Older  Volcanic  and 

Sedimentary  Rocks 

6.5 

4.2 

3 

1 

9. 

Pre-Tertiary  Rocks, 

Undifferentiated 

82.3 

52.6 

47 

29 

TOTAL  (rounded) 

271 

174 

550 

120 

.1/  Within  a specified  depth  interval  as  explained  in  the  text. 


Recharge  and  Discharge 


The  source  of  recharge  is  precipitation  but  the  recharge 
reaches  aquifers  in  a variety  of  ways  which  are  dependent  upon  such 
factors  as  the  amount  and  rate  of  precipitation;  the  character  of 
the  aquifer  and  overlying  material  including  the  soil;  the  pattern 
and  spacing  of  surface  drainage;  and  the  ruggedness  of  the  terrain. 
Chief  immediate  sources  of  recharge  or  ways  in  which  recharge  occurs 
include  the  following: 


1.  Direct  infiltration  of  precipitation. 

2.  Snowmelt  (delayed  infiltration). 

3.  Seepage  from  streams. 

4.  Seepage  from  irrigation  (canals,  laterals,  fields). 

5.  Lateral  or  vertical  inflow  from  adjacent  aquifers. 

Recharge  from  direct  precipitation  predominates  in  the  humid 
parts  of  the  region--in  the  entire  area  west  of  the  Cascade  Range, 
and  in  the  intermountain  basins  east  of  the  Cascade  Range.  In  these 
relatively  low-lying  areas,  recharge  from  direct  precipitation  occurs 
throughout  the  rainy  season,  during  the  fall,  winter,  and  spring. 

At  higher  altitudes,  recharge  from  direct  precipitation  occurs  in 
the  fall  and  spring  but  most  winter  precipitation  occurs  as  snow, 
and  recharge  from  snowmelt  is  largely  in  the  spring. 


Recharge  by  seepage  from  streams  occurs  in  every  subregion, 
but  is  more  important  in  areas  where  precipitation  is  low,  as  in 
parts  of  Subregions  3,  4,  5,  6,  7,  and  12.  In  general,  such  recharge 
occurs  where  streams  draining  mountainous  areas  with  moderate  or 
high  precipitation  enter  semiarid  or  arid  basins  underlain  by  porous 
and  permeable  deposits.  Because  discharge  of  mnny  of  these  streams 
is  greatest  during  the  spring  snowmelt  period,  recharge  to  aquifers 


occurs  chiefly  during  that  period.  In  their  lower  courses,  the 
same  streams,  or  the  major  trunk  stream  of  the  basin,  receive 
inflow  from  ground  water.  (Figure  24c) 

Recharge  from  irrigation  seepage  occurs  in  all  areas  where 
irrigation  is  extensive  but  is  most  significant  in  the  more  arid 
parts  of  the  region.  Recharge  from  irrigation  seepage  is  the 
major  source  of  recharge  to  alluvial  and  volcanic-rock  aquifers 
in  parts  of  Subregions  2,  3,  4,  and  5.  Recharge  is  so  great  that 
water  logging  has  become  a problem  at  many  places.  Discharge  from 
aquifers  underlying  irrigated  areas  is  into  drains  and  streams  in 
the  low-lying  parts  of  the  basins. 

Many  aquifers  have  restricted  areas  of  outcrop  and  are 
recharged  chiefly  by  leakage  from  overlying  aquifers  through  im- 
perfectly confining  beds.  Discharge  of  some  aquifers  occurs  in 
the  same  way;  whether  the  water  is  moving  up  or  down  at  a parti- 
cular place  depends  upon  the  relative  head  in  the  shallow  and  deep 
aquifers.  Generally,  the  hills  around  the  margins  of  a basin  are 
recharge  areas,  the  water  level  in  the  shallowest  aquifer  is  the 
highest,  and  water  leaks  downward  to  recharge  deeper  aquifers. 

In  some  valleys,  water  in  the  deeper  aquifers  is  under  pressure 
and  leaks  upward  into  the  shallow  aquifer  which  may  also  be  re- 
charged from  above  by  precipitation  and  seepage  from  streams  and 
irrigated  areas.  Discharge  from  the  shallow  aquifer  is  into  drains 
and  streams. 

The  relations  between  recharge  from  various  sources  and 
changes  in  water  levels  are  shown  in  figure  21.  If  data  on  specific 
yield  are  available  together  with  enough  water-level  data  to  show 
the  average  changes  and  rates  of  change  of  water  level  in  an 
aquifer,  a quantitative  appraisal  of  recharge  can  be  made.  That 
method  was  used  at  a few  places  for  estimating  recharge  for  this 
report.  Generally,  however,  data  are  sufficient  for  making  only 
rough  estimates. 

Ground-water  discharge  can  be  measured  directly  as  spring 
outflow  or  indirectly  as  a gain  in  discharge  of  a stream  reach. 
Ground  water  is  a component  of  discharge  of  all  streams;  several 
streams  in  the  region  are  almost  entirely  ground-water  effluent. 

The  ground-water  component  of  discharge  can  be  separated  from  the 
direct  flow  component  on  a stream-discharge  hydrograph.  Generally, 
where  ground  water  is  the  major  component,  as  for  Birch  Creek  in 
Idaho,  or  the  Metolius  River  in  Oregon,  this  is  not  difficult. 

Where  the  ground-water  component  is  less  than  50  percent  of  the 
total,  separation  is  considerably  more  difficult. 

Several  hydrologists  (55-48  to  53,  and  143-24  to  26)  have 
used  flow-duration  curves  for  determining  the  ground-water  component 
of  streamflow.  In  this  study  the  lower  right-hand  portion  of  the 
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flow-duration  curve,  usually  that  portion  of  the  curve  that  is 
exceeded  60  to  90  percent  of  the  time  by  a particular  discharge, 
was  assumed  to  be  ground-water  discharge.  This  curve  was  extended 
upward  with  a smooth  convex  curve  to  the  probable  maximum  rate  of 
ground-water  discharge,  a point  determined  by  study  of  streamflow 
hydrographs.  Hydrographs  and  flow-duration  curves  are  available 
for  a number  of  streams  that  are  supported  entirely  or  almost 
entirely  by  ground-water  discharge.  Flow-duration  curves  of  these 
streams  were  used  in  checking  the  shapes  of  the  ground-water  com- 
ponent of  streamflow  for  other  streams  in  the  region. 


The  ground-water  component  of  streamflow  was  determined  in  ^ 
this  way  for  more  than  40  streams  representing  different  geologic 
and  hydrologic  terranes  and  climatic  conditions.  These  data  were 
used  in  estimating  the  annual  discharge  in  inches  over  the  area  for 
the  various  aquifer  units  in  the  different  subregions.  F.xamples 
of  stream  hydrographs  and  flow-duration  curves  used  are  shown  in 
figures  22  and  23. 


This  method  of  estimating  ground-water  discharge  is  inexact 
because  the  quantitative  relation  of  ground  water  and  surface  water 
in  most  cases  is  not  known.  However,  the  method  is  useful  in  com- 
paring the  ground-water  yields  of  different  terranes  and  as  a first 
approximation  of  the  annual  discharge  from  the  various  aquifer  units 

It  should  be  noted  that  the  ground-water  discharge  determined 
by  the  above  method  includes  only  that  part  of  the  ground-water 
effluent  that  becomes  streamflow  and  is  measured  at  a particular 
gaging  station.  In  some  river  basins,  large  quantities  of  ground- 
water  effluent  are  intercepted  and  consumed  by  vegetation  as  the 
ground  water  moves  into  areas  near  the  drainage  channels  where  the 
water  table  is  near  the  surface.  In  some  basins  the  ground-water 
effluent  discharged  by  evapotranspiration  at  times  may  be  greater 
than  the  quantity  appearing  in  the  streams.  No  attempt  was  made 
in  this  report  to  evaluate  quantitatively  evapotranspiration  from 
ground  water,  except  in  Subregion  12. 

The  gross  annual  natural  recharge  and  gross  annual  natural 
and  pumped  discharge  from  the  different  aquifer-unit  groups  in  the 
region  are  given  in  table  13.  The  gross  recharge  and  discharge  are 
assumed  to  be  equal  because  the  annual  change  in  ground-w'ater  stor- 
age, both  on  a regional  basis  and  for  any  subregion,  is  so  small  a 
part  of  the  total  recharge  as  to  be  far  less  than  the  error  in 
estimation.  The  values  are  for  gross  recharge  because  some  of  the 
water  has  moved  through  the  ground-water  phase  of  the  hydrologic 
cycle  two  or  three  times  in  its  travel  from  headwaters  areas  of 
river  basins,  before  finally  leaving  the  region.  The  total  gross 
annual  recharge  and  discharge  is  estimated  to  be  about  120  million 
acre-feet  a year;  net  annual  recharge  and  discharge  probably  are 
on  the  order  of  100  million  acre-feet  a year. 
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Ground-Water  Withdrawal  and  Use 
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Data  on  ground-water  use  were  obtained  chiefly  from  published 
reports  (66,  71,  and  91),  and  unpublished  data  from  the  files  of  the 
Geological  Survey.  Water-use  data  compiled  in  May  1967,  as  a part 
of  the  1967  National  Assessment  of  the  Water  Resources  Council,  were 
also  used.  The  data  were  adjusted  to  represent  conditions  as  of 
1970,  the  level  of  development  selected  for  other  hydrologic  factors. 
The  data,  which  are  summarized  in  table  14,  were  developed  early  in 
the  study  for  use  in  appraising  ground-water  withdrawal  and  con- 
sumptive use  in  relation  to  the  natural  recharge  and  discharge,  and 
the  availability  of  ground  water.  Data  on  water  use  presented  in 
the  functional  appendices,  particularly  in  Appendices  IX  and  XI, 
were  developed  later,  in  some  cases  using  different  definitions  and 
assumptions.  The  data  presented  in  the  functional  appendices  are 
considered  to  be  the  official-use  figures  for  the  study. 

Total  annual  ground-water  withdrawal  is  estimated  to  be 
about  5.0  million  acre-feet  as  of  1970,  of  which  about  3.8  million 
acre-feet  (76  percent)  is  for  irrigation  and  0.5  million  acre-feet 
each  is  for  industrial  use  and  public  supply. 


Table  14  - Summary  of  Estimated  1970  C.round-Water  Withdrawal  and  Use 


(Withdrawal  and  Consumptive  use 

in  acre- 

-feet  per  year;  all 

quant i t ies 

in  thousands) 

Type  of 

Use 

Idaho 

Mont . 

Nev . Oreg . 

Utah 

Wash . 

Wyo . 

Total 

Irrigation 

Acres 

922 

16.5 

0.85  151 

0 

150 

0 

1 ,234 

Withdrawal 

2937 

50 

2 3o9 

0 

4 38 

0 

3 . 796 

Consumptive  Use 

1569 

25 

1 210 

0 

223 

0 

2,028 

Industrial  1/ 

Withdrawal 

110 

20 

0 191 

0 

181 

2.3 

504 

Consumptive  Use 

U 

5.5 

1 

0 9.5 

0 

9.0 

0.1 

25 

Public  Supplies 

Persons  Served 

402 

56 

0 321 

0 

109' 

2 

1 ,8'8 

Withdrawal 

110 

14 

0 74 

0 

298 

0 4 

496 

Consumptive  Use 

5/ 

22.0 

2.8 

0 14.8 

0 

60 

0.1 

100 

Rural-Domestic 

Persons  Served 

281 

95 

1 5.35 

0 

'16 

1 

1 .629 

Withdrawal  4/ 

30.6 

10.6 

0.1  59.5 

0 

80  4 

0.1 

181 

Consumptive  Use 

5/ 

15.3 

5.3 

0 29.8 

0 

40 . 2 

0 

90 

Stock 

Withdrawn  and  Used  6/ 

11  .1 

1.3 

0.25  5.1 

0 

14.3 

0 

32 

TOTAL  W1THDRAWAI 

( rounded) 

3200 

100 

2 700 

0 

1000 

4 

5.000 

TOTAL  CONSUMPTIVE 

USE  (rounded) 

1600 

35 

1 270 

0 

350 

0 

2 . 300 

77  Self-supplied  industrial 


2/  Assumed  to  be  S percent  of  gross  withdrawal 
3/  Assumed  to  be  20  porcrnt  of  gross  withdrawal. 
£/  Estimated  use  100  gallons  per  day  per  person. 
5/  Assumed  to  be  50  percent  of  gross  withdrawal. 
6/  Assumed  that  all  water  withdrawn  is  consumed. 
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Consumptive  use,  in  this  report,  includes  not  only  the  water 
returned  to  the  atmosphere  as  vapor  by  the  plant  or  animal  for  which 
it  was  withdrawn,  but  water  transpired  by  nonbenef icial  vegetation 
or  evaporated  from  the  soil  incidental  to  use.  Except  for  irriga- 
tion, the  quantity  of  water  used  consumptively  was  taken  as  a per- 
centage of  the  quantity  withdrawn;  the  percentages  ranging  from 
5 percent  for  industrial  use  where  large  volumes  of  water  are  used 
in  washing  processes,  air  conditioning,  and  waste  disposal,  to 
100  percent  for  stock  water.  Total  annual  consumptive  use  of  ground 
water  is  estimated  to  be  about  2.3  million  acre-feet  as  of  1970,  of 
which  nearly  90  percent  is  by  irrigation. 

In  most  of  the  region  the  ground  water  that  is  withdrawn  but 
not  consumed  either  discharges  into  fresh  surface  water  bodies  or 
percolates  into  aquifers.  Exceptions  are  in  Subregions  10  and  11 
where  part  of  the  unconsumed  ground  water  discharges  into  the 
Pacific  Ocean  or  Puget  Sound.  Thus,  depletion  of  the  total  annual 
water  yield  of  the  region  by  ground-water  withdrawal  is  little  more 
than  annual  ground-water  consumptive  use.  However,  as  only  part  of 
the  unconsumed  ground  water  returns  to  aquifers,  net  ground-water 
withdrawal  (consumptive  use  plus  return  to  surface  water  bodies)  is 
considerably  larger  than  consumptive  use  alone.  Net  ground-water 
withdrawal  probably  is  between  3 and  4 million  acre-feet  as  of  1970. 

Ground-water  withdrawal  is  summarized  by  type  of  use  and 
subregion  in  table  15.  Irrigation  use  is  by  far  the  greatest  in 
subregions  east  of  the  Cascade  Range  and  the  greatest  concentration 
of  use  is  in  the  Snake  River  basin  (Subregions  4 and  5) . There  is 
also  considerable  withdrawal  for  irrigation  in  the  IVillamette  Valley 
(Subregion  9). 


Table  IS  Suva rv  of  Estimated  1970  Ground-Hater  Withdrawal  by  Type  <f  Use  and  Subregion 


I rrigat ion 

13  T 

180 

6S 

2400 

S2S 

3S 

190 

8 

ISO 

IS 

.30 

60 

379  S 

Industrial 

31 

IS 

9 

M 

41 

7 

61 

112 

100 

21 

36 

6 

SO  3 

Public  Supply 

no 

32 

38 

SO 

4' 

26 

28 

16 

28 

18 

100 

2.5 

49  S 

Rural -Domestic 

20 

12 

14 

14 

13 

8 

8 

6 

39 

P 

31 

0 5 

182 

Stock 

1.9 

3 3 

2.4 

6.  1 

3 . S 

1.2 

0.9 

0.4 

0.4 

0.2 

4 6 

0 1 

2S 

i 

TOTAL  < rounded ) 

300 

240 

130 

2S30 

M0 

80 

290 

140 

320 

TO 

200 

70 

5000 

Industrial  supplies  in  this  report  include  only  self-supplied 
industrial  withdrawals.  The  greatest  concentration  of  ground-water 
withdrawal  for  self-supplied  industrial  use  is  in  the  Vancouver- 
Camas  area  and  the  Willamette  Valley  (Subregions  8 and  9). 

Public  supplies,  in  this  report,  include  publicly  and  pri- 
vately owned  supplies  serving  the  public  in  incorporated  and  un- 
incorporated places  and  include  utility  districts,  cooperatives, 
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associations,  and  similar  group  users.  Public  supplies  are  utilized 
for  domestic,  commercial,  industrial,  and  other  uses.  Ground-water 
withdrawals  for  public  supply  are  fairly  well  distributed  through 
the  region,  but  withdrawals  are  greatest  in  the  Spokane  Valley  and 
the  Puget  Sound  area  (Subregions  1 and  11).  A large  part  of  the 
water  withdrawn  is  used  for  industrial  purposes. 

Net  ground-water  withdrawal  was  estimated  to  be  between  3 
and  4 million  acre-feet  a year;  or  3 to  4 percent  of  net  annual 
recharge.  However,  most  of  this  withdrawal  is  from  the  major 
aquifers,  the  younger  groups,  1 through  5,  which  have  a total  gross 
annual  recharge  and  discharge  of  about  78  million  acre-feet.  Some 
ground  water  also  cycles  through  these  aquifers  more  than  once 
before  leaving  the  region,  especially  in  Subregion  4,  and  net  annual 
recharge  and  discharge  of  these  aquifers  may  be  about  70  million 
acre-feet  a year.  Thus,  net  ground-water  withdrawal  is  4 or  5 per- 
cent of  net  annual  recharge  to  and  discharge  from  the  major  aquifers. 

Future  Availability 

In  the  preceding  section  of  this  report  it  was  estimated 
that  net  annual  recharge  to  and  discharge  from  major  aquifers  in 
the  region  was  about  70  million  acre-feet,  and  that  present  (1970) 
net  annual  ground-water  withdrawal  was  only  about  4 or  5 percent 
of  that  amount.  It  must  not  be  assumed,  however,  that  all  of  the 
unused  ground  water  can  be  made  available  for  use.  Most  of  the 
ground-water  discharge  included  in  this  estimate  enters  the  streams 
of  the  region  and  is  a part  of  the  measured  or  estimated  surface 
outflow  from  the  region.  However,  development  and  use  of  additional 
ground-water  supplies  can  add  to  the  total  available  supply  of  the 
region  in  two  different  ways:  (1)  Ground  water  can  be  developed 

from  alluvial  and  glacial  deposits  adjacent  to  the  Pacific  Ocean 
and  Puget  Sound  in  Subregions  10  and  11.  Ground  water  intercepted 
in  this  way  adds  to  the  total  available  supply  because  it  would 
■ otherwise  have  discharged  into  and  mixed  with  salt  water.  (2)  In 

many  areas,  large  volumes  of  ground  water  are  discharged  by  non- 
beneficial  vegetation  or  evaporation  from  the  water  table.  Lowering 
the  water  table  could  result  in  the  addition  of  several  acre-feet  of 
water  per  acre  to  the  usable  supply  in  some  areas.  The  water  table 
is  near  the  land  surface  in  large  areas  in  each  of  the  12  subregions. 
No  quantitative  estimate  was  made,  because  of  the  many  assumptions 
that  would  be  required,  but  undoubtedly  the  potential  additional 
water  supply  that  could  be  made  available  in  this  way  is  several 
million  acre-feet  annually.  Large  losses  by  evapotranspi ration 
occur  in  nearly  all  valleys,  and  are  especially  significant  in  the 
Puget  Sound  Basin,  Willamette  Valley,  and  in  the  Snake  River  Basin 
in  the  Boise-Ontario  area.  Thus,  although  increased  ground-water 
development  in  those  areas  would  be  balanced,  in  part,  by  a reduc- 
tion in  ground-water  discharge  to  streams,  a substantial  part  of 
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the  withdrawal  would  be  balanced  by  a reduction  in  evapotranspiration 
losses . 


Although  the  use  of  ground  water  can  add  to  the  total  annual 
water  supply  only  in  the  two  ways  described  above,  the  water  supply 
available  during  low  flow  periods  and  at  times  of  maximum  use  is  far 
more  critical  to  development  than  the  total  annual  quantity  available. 
The  low  flow  of  many  streams  occurs  in  the  period  July-September  and 
the  time  of  greatest  consumptive  withdrawal,  which  is  largely  for 
irrigation,  is  during  the  same  period.  Utilization  of  existing 
ground-water  supplies  and  underground  storage  space  to  augment  the 
supply  of  water  available  during  those  critical  periods  offers  great 
possibilities.  Some  of  the  ways  that  ground  water  can  be  utilized 
to  augment  the  available  water  supply  are  outlined  below. 


Although  consumptive  withdrawal  of  ground  water  generally 
decreases  surface  outflow  from  the  region  as  described  previously, 
at  many  places  the  reduction  in  surface  flow  is  in  streams  where 
flows  are  uncommitted  with  respect  to  downstream  consumptive  use. 
Pumping  from  aquifers  in  the  Snake  River  Plain  downstream  from 
Milner  Dam,  aquifers  discharging  into  the  Columbia  River,  aquifers 
in  the  lower  Yakima  Valley,  and  aquifers  in  several  other  major 
valleys  would  utilize  ground  water  that  would  otherwise  discharge 
into  streams  below  points  of  major  consumptive  withdrawal.  Further- 
more, in  some  parts  of  most  of  these  valleys,  water  logging  is  a 
problem  and  pumpage  of  ground  water  would  help  to  alleviate  that 
prob lem. 


Ground  water  can  be  used  to  augment  the  available  supply, 
even  in  basins  where  the  aquifers  are  interconnected  with  a stream 
that  is  fully  committed  during  critical  low-flow  periods,  because 
the  reduction  in  streamflow  during  the  critical  period  is  less  than 
the  quantity  of  water  obtained  by  pumping.  If  a water-table  aquifer 
and  a stream  are  hydraulically  connected,  part  of  the  discharge  of  a 
well  near  the  stream  consists  of  water  diverted  from  the  stream. 

The  diversion  can  be  either  by  diminution  of  ground-water  accretion 
to  the  stream  or  by  a movement  of  water  from  the  stream  into  the 
aquifer  and  toward  the  well.  (158)  Many  factors  affect  the  propor- 
tion of  water  that  is  diverted  from  the  stream  at  a particular  time, 
but  in  a given  basin,  the  percentage  of  water  diverted  by  pumping 
from  a well  is  related  to  the  distance  of  the  well  from  the  stream. 
The  maximum  effects  of  pumping  lag  behind  withdrawals  and,  where 
wells  are  one  to  several  miles  from  the  stream,  the  maximum  effect 
may  lag  by  several  weeks  to  several  months  (figures  24a  and  24b) . 
Thus,  pumpage  of  1,0 00  acre- feet  of  water  from  a river  basin  during 
a 90-day  irrigation  season  might  reduce  surface  outflow  from  the 
basin  by  only  100  or  200  acre-feet  during  that  season,  the  remainder 
of  the  water  withdrawn  coming  from  storage.  The  depleted  ground- 
water  storage  would  be  replenished  during  subsequent  months  when 
recharge  and  streamflow  are  greater  and  consumptive-use  requirements 
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are  low.  The  theoretical  effects  on  streamflow  caused  by  pumping 
wells,  for  a period  of  90  days,  at  various  distances  from  a stream 
are  illustrated  in  figure  24a.  The  theoretical  effect  caused  by 
cyclic  pumping  of  a well  2 miles  from  a stream  is  illustrated  in 
figure  24b.  For  computing  these  effects,  the  usual  idealized  con- 
ditions were  assumed,  and  the  coefficients  of  transmissibi lity  and 
storage  were  assumed  to  be  200,000  gpd  per  foot,  and  0.20,  respec- 
tively. Lowering  of  the  water  table  may  induce  additional  recharge 
from  other  sources  and  reduce  evapotranspiration  waste,  thus  the  re- 
duction in  ground-water  storage  and  diversion  from  the  stream  would 
be  less  than  is  indicated.  However,  a nearby  negative  boundary,  for 
example  rock  of  low  permeability  cropping  out  in  the  valley  wall, 
would  cause  a greater  diversion  from  the  stream  than  indicated. 

( 

In  many  basins  some  potential  recharge  is  rejected  in  the 
late  winter  and  spring,  and  where  this  happens  the  aquifer  might 
completely  refill  under  the  changed  regimen  and  the  cumulative 
effects  suggested  by  figure  24b  might  not  occur. 

Conjunctive  use  of  surface  and  ground  water  offer  great  pos- 
sibilities for  future  irrigation  developments.  In  many  irrigation 
projects  water  logging  has  become  a problem.  Aquifers  in  areas  of 
future  projects  are  fairly  well  known  and  the  projects  could  be 
planned  to  obtain  only  part  of  their  supply  from  surface  sources-- 
ground  water  being  utilized  as  a supplemental  source.  Thus,  not 
only  would  smaller  diversions  of  surface  water  be  needed,  but  also 
the  water  table  could  be  maintained  at  a reasonable  depth. 

The  water  supply  available  during  critical  periods  can  also 
be  enhanced  by  artificial  recharge  with  water  that  is  surplus  to 
needs  during  other  periods.  This  is  discussed  in  the  section 
entitled  "Artificial  Recharge." 


In  semiarid  plateaus  of  southeastern  Oregon,  southwestern 
Idaho,  and  Nevada,  there  is  little  or  no  surplus  water  available 
at  any  time  for  artificial  or  induced  recharge.  Lowering  the 
water  table  will  result  in  reducing  evapotranspiration  waste  where 
the  water  table  is  very  shallow,  but  beneath  much  of  those  areas 
the  water  table  is  many  hundred  feet  below  the  surface.  Development 
to  date  has  been  small,  and  appreciable  lowering  of  the  water  table 
has  occurred  only  in  a few  small  areas.  Many  additional  large- 
yield  wells  can  be  developed  without  undue  lowering  of  the  water 
table  provided  the  wells  are  properly  spaced.  Average  annual  re- 
charge is  probably  less  than  1 inch  over  a large  part  of  those 
plateaus  and  the  quantity  of  water  in  storage  in  the  upper  100  feet 
of  the  saturated  zone  is  many  times  the  annual  recharge.  A limited 
amount  of  mining  is  necessary  and  inevitable  in  developing  this 
ground-water  supply. 
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Artificial  recharge  may  be  defined  as  the  planned  addition  of 
water  to  an  aquifer  to  increase  the  supply  of  water  in  storage  so 
that  (1)  at  some  future  date  more  water  can  be  withdrawn  than  would 
otherwise  have  been  available,  or  (2)  the  same  quantity  of  water  can 
be  withdrawn  with  a lesser  pumping  lift.  To  be  effective,  recharge 
must  be  with  water  that  would  not  have  reached  the  aquifer  through 
natural  processes,  or  that  would  have  reached  it  at  some  other  place 
where  the  recharge  would  have  been  less  advantageous.  Although  re- 
charge incidental  to  irrigation  with  surface  water  diverted  to  an 
area  may  be  very  beneficial  to  the  ground-water  supply,  such  re- 
charge generally  is  not  regarded  as  artificial  recharge  because  the 
primary  objective  is  to  raise  crops  rather  than  to  build  up  the 
water  table.  This  type  of  incidental  recharge  has  increased  the 
ground-water  supply  and  the  base  flow  of  streams  at  many  places  in 
the  region,  particularly  in  southeastern  Washington  and  southern 
Idaho. 


Artificial  recharge  does  not  add  to  the  total  water  supply 
but  does  add  to  the  supply  available  during  periods  of  low  water 
yields  by  allowing  utilization  of  water  stored  during  periods  of 
surplus.  With  adequate  hydrologic  data  and  proper  planning,  arti- 
ficial recharge  can  be  a major  element  in  the  effective  utilization 
of  the  total  water  resource. 

There  are  two  general  methods  by  which  artificial  recharging 
is  accomplished;  by  water  spreading,  and  through  injection  wells. 
Water  spreading  is  effective  where  surficial  materials  are  at  least 
moderately  porous  and  permeable  and  percolation  to  the  aquifer  is 
not  prevented  by  layers  of  impermeable  material.  Injection  wells 
can  be  utilized  where  surficial  materials  have  low  porosities  and 
permeabilities,  where  the  surface  areas  needed  for  water  spreading 
are  too  costly,  or  where  the  aquifer  is  isolated  from  surficial  de- 
posits by  strata  of  low  permeability.  Experiments  on  water  spread- 
ing and  the  feasibility  of  recharging  aquifers  underlying  the  Snake 
River  Plain  are  described  by  Mundorff  (81) . Experiments  on  recharge 
through  injection  wells  in  basalt  at  Walla  Walla  and  The  Dalles  were 
described  by  Price  (122),  and  Foxworthv  and  Bryant  (33),  respectively. 

Artificial  recharge  is  being  done  on  a small  scale  at  a few 
places,  and  the  known  operations  are  described  briefly  in  the  sub- 
regional sections.  Most  of  this  information  was  obtained  from  a 
report  by  Price,  Hart,  and  Foxworthv  (125). 


Ground -Water  Rights 


All  the  states  in  the  region  have  some  type  of  water  law 
recognizing  that  ground  water  in  the  state  is  public  water,  and 
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providing  for  appropriation  of  ground  water  for  beneficial  use  under 
state  regulation. 


Idaho 


The  ground-water  code  of  Idaho,  declaring  that  "ground  waters 
are  public  waters"  was  adopted  in  1951,  and  requires  that  the  ground- 
water  resources  of  the  state  "be  devoted  to  beneficial  use  in  rea- 
sonable amounts  through  appropriation  . . The  right  to  the  use 
of  ground  water  may  be  acquired  only  by  appropriation,  which  may  be 
perfected  by  means  of  diversion  and  application  to  beneficial  use, 
or  by  means  of  the  application,  permit,  and  license  procedures  pro- 
vided in  the  act.  The  drilling  and  use  of  wells  for  domestic  pur- 
poses were  not  affected  by  the  law,  except  for  providing  inspection 
of  the  wells  by  the  state.  The  application,  permit,  and  license 
procedures  are  not  compulsory;  the  procedures  are  used  primarily  to 
establish  date  of  priority.  The  administration  and  enforcement  of 
the  ground-water  code  is  the  duty  of  the  State  Reclamation  Engineer. 
No  compilation  of  ground-water  rights  has  as  yet  been  made  for  the 
State  of  Idaho. 


Montana 


The  Montana  code  of  1947  and  the  supplemental  code  of  1961, 
provide  for  the  appropriation  and  regulation  of  ground  water. 

Ground  water  is  defined  as  "any  fresh  water  under  the  surface  of 
the  land  ..."  Beneficial  use  is  the  extent  and  limit  of  the 
appropriative  right.  An  appropriation  of  ground  water,  after 
January  1,  1962,  is  made  by  filing  a notice  of  appropriation  and 
a notice  of  completion  with  the  County  Clerk.  Appropriative  rights 
relate  only  to  the  quantities  of  water  for  beneficial  use  and  not 
to  water  levels,  means  of  use,  or  ease  of  withdrawal;  and  appro- 
priative rights  shall  not  apply  to  minimal  household  use. 

Provision  is  made  in  the  code  for  filing  a "declaration  of 
vested  ground-water  right"  where  ground  water  had  been  put  to 
beneficial  use  prior  to  January  1,  1962. 

Nevada 


Nevada  water  laws  declare  that  all  underground  waters  within 
the  state  belong  to  the  public  and,  subject  to  all  existing  rights, 
can  be  appropriated  for  beneficial  use  only  under  the  laws  of  the 
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aquifer  were  effective  March  22,  1913,  and  those  covering  perco- 
lating water,  "the  course  and  boundaries  of  which  are  incapable  of 
determination,"  were  made  effective  March  25,  1939.  Vested  rights 
acquired  before  enactment  of  the  ground-water  laws  are  recognized. 
The  State  Engineer  is  responsible  for  administration  and  enforce- 
ment of  the  water  laws. 

Oregon 


Oregon  water  laws  recognize  that  all  water  within  the  state 
from  all  sources  belongs  to  the  public.  Subject  to  existing  rights 
and  special  provisions  and  withdrawals,  all  waters  within  the  state 
may  be  appropriated  for  beneficial  use.  The  Ground-Water  Act  of 
1955,  which  applies  to  the  entire  State  of  Oregon,  repealed  the 
underground-water  laws  which  had  been  in  effect  in  that  part  of 
Oregon  east  of  the  summit  of  the  Cascade  Range  since  1927.  The  act 
provided  a means  for  registration  of  all  claims  of  rights  to  appro- 
priate ground  water  by  virtue  of  use  initiated  before  the  effective 
date  of  the  laws,  and  provides  for  later  adjudication  of  the  rights 
claimed  to  determine  the  quantity  and  priority  of  each  right. 

A legal  right  for  an  appropriation  of  ground  water  initiated 
after  August  3,1955,  can  be  established  only  through  beneficial  use 
under  the  provision  of  a ground-water  permit  issued  by  the  State 
Engineer  except  for  stock  watering,  small  domestic,  commercial,  and 
industrial  supplies,  and  lawns  and  gardens  not  exceeding  one-half 
acre . 

The  State  Engineer's  office  administers  the  water  laws  in 
Oregon.  As  of  March  1967,  primary  water  rights  for  7,611  wells 
were  on  file  with  that  office.  Primary  rights  allow  withdrawal  of 
1,266,546  acre-feet  annually,  of  which  635,268  acre-feet  (50  percent) 
is  for  irrigation  of  235,581  acres.  Subregion  9,  the  Willamette 
Valley,  has  more  than  70  percent  of  the  wells,  and,  in  terms  of 
quantity  of  water,  56  percent  of  the  municipal  rights,  51  percent 
of  the  industrial  rights,  and  57  percent  of  the  irrigation  rights. 

The  maximum  rate  of  withdrawal  allowed  by  primary  water 
rights,  during  the  summer  irrigation  season,  is  3,610  cfs--about 
1,620,000  gpm.  Data  are  not  available  on  supplemental  ground- 
water  rights. 
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Utah 


Utah  water  laws  state  that  all  waters  within  the  state, 
whether  above  or  under  the  ground,  belong  to  the  public  subject  to 
all  existing  rights.  Rights  to  the  use  of  unappropriated  public 
waters  are  acquired  only  by  application  to  the  State  Engineer.  The 
appropriation  must  be  for  some  useful  and  beneficial  purpose. 

Washington 

The  laws  in  the  State  of  Washington  relating  to  ground-water 
appropriation  were  enacted  in  194S  and  essentially  extend  the  pro- 
cedures of  the  surface-water  code  to  the  appropriation  of  ground 
waters.  Withdrawals  for  various  uses  not  exceeding  5,000  gpd  were 
excluded  from  the  provisions  of  this  act.  To  accommodate  ground- 
water  users  claiming  vested  rights  through  developments  established 
prior  to  1945,  a provision  was  made  for  a declaratory  period  of 
5 years  during  which  such  users  could  acquire  a water  right  through 
a declaration  of  their  claim.  Ground-water  rights  may  also  be 
established  through  adjudication  procedures. 

The  Department  of  Water  Resources  administers  ground-water 
appropriation  laws  in  Washington  and,  as  of  September  30,  1966, 
there  were  7,585  active  ground-water  right  records  on  file  with 
that  agency  in  the  form  of  appropriation  permits  and  certificates 
and  declaration  certificates.  A totrl  of  1,087  of  these  has  been 
perfected  through  the  declaration  of  claim  procedure. 

The  active  prime  ground-water  rights  throughout  the  state, 
which  may  be  exercised  during  the  summer  period,  indicate  a total 
allowable  rate  of  withdrawal  of  3,017,840  gpm  (6,700  cfs) . Nearly 
all  this  quantity,  3,014,290  gpm,  is  considered  to  be  comsumptive 
4 to  the  ground-water  resource.  The  remainder,  3,550  gpm,  is  classi- 

' fied  as  being  partly  comsumptive  to  the  ground-water  resource. 

Definitions  of  the  terms  consumptive  and  partly  consumptive  are  as 
follows : 

Consumptive  Ground  Water 

All  withdrawals  are  considered  to  be  consumptive 
unless  the  full  amount  of  the  withdrawal  is  re- 
turned to  the  source  aquifer(s) . [Heat-pump  use 
is  consumptive  if  the  water  i_s  not  returned  to 
the  source  aquifer (s)  but  is  returned  to  some 
other  aquifer(s) . Also  if  ground  water  is  dis- 
charged to  a surface-drainage  system,  the 
withdrawal  is  consumptive.] 
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Partly  Consumptive  Ground  Water 

Where  the  full  amount  of  a withdrawal  i_s_  returned 
to  the  same  source  aquifer(s) . 

In  addition  to  prime  right  quantities,  a total  of  39,535  gpm 
(88  cfs)  has  been  appropriated  under  supplemental  rights. 

Annual  withdrawal  limitations  have  been  specified  for  nearly 
all  ground-water  rights,  and,  in  total,  1,710,650  acre-feet  are 
authorized  for  withdrawal  under  prime  rights  and  502,016  acre-feet 
are  allowed  to  be  withdrawn  under  supplemental  rights  from  ground- 
water  sources  in  the  State  of  Washington. 

All  water-right  quantities  in  the  State  of  Washington  have 
been  summarized  by  location  in  geographic  units  called  "Water 
Resource  Inventory  areas."  These  areas  are  shown  on  maps  in  the 
subregion  reports  and  their  relationship  to  the  Columbia-North 
Pacific  subregions  is  discussed  in  the  Regional  Summary  section  on 
surface-water  rights. 


According  to  Wyoming  laws  , both  surface  and  ground  water 
are  the  property  of  the  state.  Water  rights  are  acquired  only  for 
beneficial  use  of  water.  Water  laws  are  administered  by  the  State 
Engineer.  The  laws  provide  for  registration  of  vested  ground-water 
rights,  for  wells  drilled  before  April  1,  1947,  where  water  from  the 
wells  was  beneficially  used. 


RELATION  BETWEEN  SURFACE  AND  GROUND  WATER 

j Ground  water  and  surface  water  are  not  separate  resources; 

„ they  are  both  component  parts  of  the  total  water  resource.  As 

has  been  explained  in  earlier  sections  of  this  report,  the  inter- 
relations are  such  that  ground-water  supplies  cannot  be  added  to 
water  measured  in  streams  to  get  a total  supply;  and  in  many 
basins,  water  may  interchange  several  times  between  the  aquifers 
and  streams  before  leaving  the  basin.  The  importance  of  the  ground- 
water  component  of  streamflow  has  been  emphasized. 

# 

The  quantity  of  ground  water  discharging  into  a stream  is 
related  to  the  gradient  of  the  water  table  near  the  stream,  which, 
in  turn,  is  dependent,  in  part,  upon  river  stage  but  is  also  related 
to  changes  in  the  water  table.  Water-table  changes  are  related  to 
seasonal  changes  in  recharge  from  precipitation,  ir  igation 
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percolation,  or  other  sources.  In  humid  parts  of  the  region,  where 
recharge  is  from  precipitation,  the  water  table  generally  is  highest, 
and  ground-water  discharge  is  greatest,  during  the  winter  or  spring 
months  when  streamflow  is  relatively  large.  Ground-water  discharge 
is  least  in  the  late  summer  and  fall  when  water-table  gradients  are 
low  and  streamflow  also  is  low.  Where  recharge  is  chiefly  from 
snowmelt,  the  water  table  is  highest  in  the  late  spring  and  summer, 
and  ground-water  discharge  is  greatest  during  those  periods  . The 
ratio  of  ground  water  to  surface  water  in  the  stream  becomes  pro- 
gressively greater  as  the  discharge  of  the  stream  declines  and, 
in  most  unregulated  streams,  the  ground-water  component  of  stream- 
flow  is  close  to  100  percent  for  varying  periods  nearly  every  year. 

In  the  mountainous  parts  of  the  region  which  receive  moderate 
to  large  quantities  of  precipitation,  ground  water  is  effluent  prac- 
tically continuously  and  throughout  the  entire  reaches  of  many 
streams.  Most  of  the  exceptions  are  in  the  Cascade  Range  where 
some  streams  are  underlain  by  exceedingly  permeable  rocks  and  lose 
water  through  certain  reaches. 

East  of  the  Cascade  Range  many  tributary  streams  lose  part 
or  all  of  their  flow  as  they  traverse  semiarid  or  arid  basins  under- 
lain by  permeable  deposits.  In  turn,  the  trunk  streams  draining 
those  basins  receive  large  quantities  of  ground-water  inflow 
especially  at  the  lower  ends  of  the  basins.  These  relations  are 
shown  in  a generalized  sketch  of  a drainage  basin  in  figure  24c. 

West  of  the  Cascade  Range  recharge  from  precipitation  is  large  enough 
in  the  alluvial  basins,  such  as  the  Willamette  Valley  and  Puget  Sound 
Basin,  that  aquifers  are  effluent  to  most  streams  most  of  the  time. 

The  effect  of  pumping  wells  in  an  aquifer  hydraulically  con- 
nected to  a nearby  stream  was  discussed  in  the  section  headed  "Future 
Availability." 
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NEEDS  FOR  ADDITIONAL  HYDROLOGIC  DATA 

Adequate  basic  data  are  an  essential  prerequisite  to  under- 
standing and  evaluating  the  total  supply  of  water  available,  both 
surface  and  ground,  and  the  effect  that  increased  use  will  have  on 
the  quality  of  the  supply.  In  many  parts  of  the  region  adequate 
data  are  not  being  collected  to  define  existing  conditions,  to  de- 
termine changes  in  quantity  or  quality,  or  to  complete  meaningful 
analyses . 


Climat.ologic  Data 

The  network  of  climatologic  stations,  about  560  in  the  region, 
is  adequate  only  for  general  inventory  and  study  of  the  water 
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resources.  Most  of  the  stations  are  located  at  low  altitudes. 
Detailed  study  of  specific  problem  areas  will  require  a denser  net- 
work of  stations  in  those  localities.  The  great  geographic  vari- 
ability of  climatological  elements,  such  as  is  found  in  the  mountain 
and  arid  areas  of  the  region,  indicates  the  desirability  of  increas- 
ing the  number  of  climatic  stations.  The  Puget  Sound  Subregion  can 
be  cited  as  an  example  of  data  deficiency.  About  35  percent  of  the 
temperature  and  precipitation  stations  are  at  altitudes  less  than 
100  feet  above  sea  level,  60  percent  are  less  than  500  feet,  and 
90  percent  are  less  than  2,000  feet.  This  provides  fair  coverage 
for  most  lowland  areas,  but  is  inadequate  in  the  foothills  and 
mountains  where  precipitation  varies  markedly  from  point  to  point. 

The  mountain  areas,  however,  are  sparsely  inhabited  and,  for  the 
most  part,  inaccessible  to  surface  travel.  Operation  of  climatologic 
stations  in  such  areas  is  both  difficult  and  costly.  Because  of 
these  obstacles,  consideration  should  be  given  to  developing  more 
new  equipment  that  will  operate  unattended  for  extended  periods  of 
time.  A telemetry  system  to  transmit  real-time  climatological  data 
from  remote  areas  is  needed. 

Kind  and  evaporation  data  have  been  collected  at  only  a few 
locations;  about  40  stations  are  presently  active,  and  again  mostly 
at  lower  altitudes.  Additional  information  is  needed  in  the  moun- 
tains and  at  other  inland  locations  to  better  define  wind  movement 
and  evaporation.  Data  on  other  parameters,  such  as  humidity  and 
sunshine,  are  sparse.  Evaporation  data  for  open-water  surfaces  are 
needed  to  supplement  data  on  evaporation  from  pans. 

Detailed  isohyetal  maps  should  be  developed  for  all  of  the 
12  subregions. 

The  Climatological  Handbook,  prepared  by  the  Meteorology 
Committee  of  the  Pacific  Northwest  River  Basins  Commission,  presents 
tabularized  observed  and  statistically  arrayed  data  for  the  records 
of  climatic  factors  collected  to  date.  Updating  of  this  information 
will  be  needed  periodically. 


Streamflow  and  Stage 


The  two  principal  types  of  gaging  stations  in  a streamgaging 
network  are  hydrologic  and  project.  Hydrologic  stations,  identified 
as  primary  and  secondary,  are  used  to  obtain  the  stage  and  discharge 
data  needed  for  general  water  resources  inventory  and  planning. 
Primary  hydrologic  stations  are  intended  to  run  indefinitely  and, 
by  showing  long-term  trends,  they  furnish  the  key  to  general  coverage 
of  the  region.  Secondary  hydrologic  stations  are  intended  to  be 
operated  only  long  enough  to  establish  the  flow  characteristics  of 
the  watersheds  they  gage,  relative  to  one  or  more  of  the  primary 
hydrologic  stations.  Project  stations  are  those  used  for  the 
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operation  of  an  existing  project,  the  design  of  a proposed  project, 
or  for  administrative  or  legal  purposes.  Often  a single  station  may 
serve  as  both  a hydrologic  and  a project  station. 

The  network  of  primary  and  secondary  stations  is  incomplete. 
Additional  primary  stations  are  needed  to  better  define  the  runoff 
or  discharge  from  many  subbasins  and  subregions.  Secondary  stations 
are  needed  throughout  the  region  to  improve  and  expand  the  general 
knowledge  of  hydrology.  The  greatest  deficiency  in  streamflow  data 
is  in  tributary  streams  with  small  drainage  areas,  especially  at  the 
higher  altitudes.  These  data  are  needed  for  all  types  of  hydrologic 
studies.  Because  basic  data  needs  change  with  time,  the  networks 
should  be  appraised  periodically.  The  run off  from  both  large  and 
small  basins  must  be  gaged  in  order  to  define  low,  mean,  and  high 
flows  under  the  varied  geologic  and  climatologic  conditions  in  the 
region.  For  example,  about  90  percent  of  the  area  of  a subbasin 
should  be  gaged  in  order  to  obtain  a reliable  estimate  of  the  mean 
discharge  from  that  subbasin.  Also,  some  small  streams  similar  to 
those  found  in  the  ungaged  area  must  be  measured  in  order  to  satis- 
factorily estimate  discharge.  Only  about  60  percent  of  the  coastal 
basin  areas  are  gaged;  also,  only  a very  few  of  the  high  mountain 
small  basins  are  gaged  in  the  areas  of  intense  precipitation.  Sta- 
tions near  the  mouths  of  large  streams  furnish  data  on  total  basin 
yield  but  do  not  show  the  variations  in  streamflow  from  place  to 
place  within  the  basin. 

The  crest-stage-gage,  peak-flow  programs  in  most  of  the 
states,  along  with  the  primary  and  secondary  gaging  programs,  fur- 
nish considerable  data  for  making  flood-frequency  and  other  high- 
flow  studies.  Present  flood- frequency  studies  should  be  updated 
and  special  attention  given  to  semiarid  areas.  There  is  a general 
lack  of  low-flow  data,  especially  for  small  drainage  areas  where 
differences  in  geology  and  climate  affect  the  low  flows.  Low-flow 
frequency  studies  would  provide  a basis  for  the  design  of  water- 
supply  and  waste-disposal  systems,  for  the  maintenance  of  restricted- 
channel  discharges,  and  for  definition  of  the  quantity  of  water 
available  for  fish  propagation  and  supplemental  irrigation. 

Discharge  records  for  a base  period  are  often  needed  to  make 
regional  analyses  of  data.  Because  gaging  stations  are  installed  at 
different  times  for  a variety  of  reasons,  records  covering  the  de- 
sired period  of  time  are  not  always  available.  The  missing  record 
can  be  obtained  using  statistical  methods  and  should  be  filled  in 
for  certain  groups  of  stations  that  are  commonly  used  in  regionwide 
analyses . 

The  Geological  Survey  has  started  a system  of  putting  most 
records  of  daily  discharge  in  digital  storage  and  computing  certain 
statistical  summaries.  This  system  should  be  expanded  to  include 
all  gaging  stations  in  the  region;  also,  all  ground-water  and 
quality-of-water  data  should  be  stored  and  made  retrievable. 
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Analytical  and  interpretive  studies  should  be  made  of 
climatic,  physiographic,  and  geologic  characteristics  that  determine 
basin  yield.  Land  use,  cultural  practice,  and  methods  for  watershed- 
protection  programs  need  critical  evaluation  relative  to  their  effect 
on  the  natural  basin  runoff.  Studies  are  also  needed  to  define  the 
effects  of  urban  development  on  stream  flow  characteristics. 

A better  understanding  of  the  principles  of  flow  in  many 
tidal  estuaries  is  vitally  important.  Rates  of  fresh-water  dis- 
charge, flushing,  salinity  intrusion,  and  many  other  tidal  flow 
characteristics  must  be  determined  to  resolve  problems  that  arise 
with  increasing  use  and  development  of  tidal  estuaries. 

Little  is  known,  and  less  has  been  published,  on  closed  lakes 
and  their  changes  in  water  level  and  chemical  quality  in  response  to 
changes  in  supply  (precipitation  and  inflow)  and  losses  (evaporation, 
leakage,  and  diversion).  Such  information  should  be  assembled  and 
correlated  with  runoff  or  climatological  data. 

The  streamflow  and  modified-f low  studies  for  the  Columbia 
River  Basin  made  by  the  Columbia  Basin  Inter-Agency  Committee  should 
be  updated  and  the  area  expanded  to  cover  the  entire  region.  The 
data  could  be  arranged  to  show  where,  when,  and  how  much  any 
selected  record  should  be  modified  to  make  it  comparable  throughout. 

Water  Quality 

Basic  data,  collected  on  a continuous  basis  from  selected 
streams  over  the  entire  basin,  are  needed  to  define  the  existing 
situation  and  provide  background  information  to  detect  and  record 
changes  in  water  quality.  Limited  programs  of  this  type  are  now 
being  conducted  by  the  Geological  Survey,  in  cooperation  with  state 
agencies  in  Idaho  and  Washington.  The  Geological  Survey  maintains 
j seven  irrigation  network  stations  to  evaluate  the  chemical  quality 

- of  surface  waters  used  for  irrigation  and  the  changes  resulting  from 

the  drainage  of  irrigated  land.  It  also  operates  three  stations  to 
monitor  the  amount  of  pesticides  present  in  surface  waters.  The 
Federal  Water  Pollution  Control  Administration  maintains  a surveil- 
lance network  of  14  stations  to  check  water  quality  from  the  aspect 
of  pollution  to  protect  the  quality  for  present  and  future  uses. 

These  programs  provide  reconnaissance  data,  however,  and  are  not 
adequate  to  provide  comprehensive  understanding  of  all  aspects  of 
water  quality.  Especially  lacking  are  data  on  fluvial  sediment  in 
the  streams.  Practically  no  information  is  available  on  this  impor- 
tant parameter  of  water  quality  except  that  which  has  been  collected 
in  connection  with  small  regional  or  specialized  studies.  Most  of 
the  sediment  data  collected  prior  to  1962  are  unpublished. 

The  amount  and  relative  ratios  of  the  major  dissolved  ions 
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in  surface  waters,  mostly  the  larger  streams  of  the  Columbia  River 
Basin  are  generally  known  or  can  be  fairly  accurately  predicted. 
However,  few  data  are  available  on  the  minor  constituents  (metal 
ions  such  as  zinc,  copper,  and  arsenic;  organics;  herbicides  and 
insecticides;  phosphates;  etc.)  whose  importance  will  be  greater  as 
water  use  becomes  greater  and  more  varied.  In  a cooperative  program 
with  the  State  of  Washington,  the  Geological  Survey  has  been  collect- 
ing data  on  chromium,  copper,  zinc,  and  arsenic  at  about  100  stations 
since  1959.  Similar  comprehensive  data  on  other  minor  constituents 
are  not  being  obtained.  Basic  data  on  the  occurrence  and  distri- 
bution of  these  constituents  are  needed  now  in  order  to  provide  a 
base  for  defining  future  water  quality  changes  and  water  suitability 
as  water  use  increases. 


Studies  have  been  made  regarding  the  transport  of  radioactive 
materials  by  the  Columbia  River  from  Hanford,  Washington,  to  the 
ocean.  Monitoring  of  these  radionuclides  should  be  continued. 


The  adoption  of  water  quality  standards  by  the  states  presents 
a need  for  a surveillance  program  to  assure  that  the  established 
quality  levels  are  maintained.  A large  monitoring  program  is  needed 
to  adequately  determine  the  present  water  quality  and  to  check 
against  future  degradation  of  water  quality.  The  states  will  in- 
crease their  surveillance  network  to  assure  compliance  with,  and 
maintenance  of,  the  adopted  water  quality  standards  as  the  needs 
are  defined.  The  parameters  to  be  measured  include  temperature, 
bacteria,  conductivity,  pH,  toxic  material,  oil  and  objectionable 
floating  solids,  turbidity,  color,  and  dissolved  oxygen. 

Adequate  data  on  the  quantity  and  characteristics  of  stream 
sediments  are  required  for  power  and  flood  control  reservoir  planning, 
control  of  the  aquatic  habitat,  design  and  location  of  water  intakes, 
developing  the  recreational  use  of  water,  and  the  evaluation  of  land 
treatment  practices.  Sediment  data  are  sparse  and  the  few  existing 
sampling  stations  have  been  operated  for  only  very  short  periods. 
Long-term  continuous  records  throughout  the  region  are  needed  to 
reflect  the  trends  in  sediment  transport.  The  quantity,  character, 
and  rates  of  sediment  yield  should  be  defined;  also,  the  geologic 
origin  of  the  sediment  and  the  mode  and  areas  of  deposition  in  the 
watershed.  Natural  stream  channels  adjust  to  flow  and  sedimentation, 
but  alteration  of  these  characteristics  by  control  works  may  have 
beneficial  or  detrimental  effects,  depending  upon  local  conditions. 

Water  temperatures  are  routinely  being  collected  and  published 
for  only  about  150  sites  in  the  region.  Other  special  purpose  tem- 
perature data  are  collected  by  various  agencies,  but  these  data  arc 
not  generally  available.  A great  many  more  continuously  recorded 
stream  temperatures  are  needed  over  a period  of  time  in  order  to 
develop  reliable  water  temperature  information  and  make  areawide 
analyses  to  determine  changes  in  water  temperature. 
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Some  specific  water  quality  related  studies  needed  to  pro- 
vide for  future  water  resource  development  are  the  occurrence  and 
characteristics  of  thermal  springs;  time  of  travel  in  relation  to 
irrigation  return  flows,  waste  disposal,  and  pesticides;  effects  of 
irrigation  use  on  the  chemical  quality  of  surface  and  ground  waters; 
the  compatibility  of  surface  and  ground  waters  in  potential  areas 
of  artificial  recharge;  and  the  effect  of  liquid  waste  disposal  into 
the  ground. 


Water  Use 

A complete  study  of  water  uses  is  needed  that  includes  a 
concentrated  effort  to  determine  more  accurately  the  use  and  with- 
drawal quantities  for  all  water  uses. 

How  water  is  used  has  a pronounced  effect  on  the  supply- 
demand  relationship  because  some  uses  deplete  the  supply  while 
others  do  not.  The  total  supply  immediately  available  is  depleted 
by  the  quantity  of  water  consumed,  not  by  the  quantity  diverted; 
return  flow  may  or  may  not  be  directly  to  the  source  of  supply. 

In  using  water,  man  returns  it  either  as  vapor  to  the  atmosphere 
or  as  liquid  to  the  soil,  ground-water  reservoirs,  or  streams. 

The  principal  consuming  uses  are  irrigation,  domestic,  in- 
dustrial, and  thermal  power.  The  main  nonconsuming  uses  are  navi- 
gation, dilution  of  wastes,  fisheries,  hydroelectric  power, 
recreation,  and  for  aesthetic  appreciation.  All  data  on  water  use-- 
whether  withdrawals,  losses,  onsite  requirements,  or  in-channel 
requirements--contain  an  unknown  margin  of  error  originating  in  a 
variety  of  ways.  Data  on  manufacturing,  mining,  and  thermal  power 
withdrawal  and  discharge  are  estimates  rather  than  accurate  measure- 
ments. Municipal  withdrawal  is  usually  metered  at  the  source,  but 
; it  is  not  adjusted  for  leakage  and  generally  is  not  wholly  metered 

- at  points  of  use.  Accurate  measurements  of  municipal  sewage  dis- 

. ' charge  normally  are  not  available  because  of  the  uncertainty  intro- 

duced by  line  leakage,  line  infiltration,  and  the  mixing  of 
storm-sewer  and  sanitation-sewer  discharge.  Data  on  irrigation  and 
onsite  losses  involve  specific  assumptions  as  to  rate  of  infiltra- 
tion of  water  into  the  ground,  as  well  as  to  evapotranspiration 
losses  from  reservoirs,  main-conveyance  channels,  onfarm  distribu- 
tion channels,  and  fields.  Most  experimental  data  have  been 
obtained  from  comparatively  small  plots;  and  errors  undoubtedly 
occur  when  such  data  are  extrapolated  to  larger  areas.  Very  few 
data  are  available  on  withdrawals  of  ground  water  for  irrigation. 

The  source  of  water  as  well  as  the  quantity  diverted  and  consumed 
should  be  determined. 


Ground  Water 


Geologic  mapping  of  the  entire  region  has  not  been  completed 
and  detailed  ground-water  investigations  have  been  made  only  in 
limited  areas  covering  about  10  percent  of  the  region.  However, 
most  of  the  mapping  has  been  done  in  the  populated  areas  where  needs 
are  the  greatest.  General  reconnaissance  studies  are  needed  to 
appraise  the  overall  ground-water  situation,  followed  by  detailed 
investigations  that  include  geologic  mapping  to  identify  geologic 
units  and  the  water-bearing  characteristics  of  the  aquifers  de- 
scribed in  the  general  reconnaissance  work.  Although  present  grour  - 
water  withdrawals  in  most  areas  can  be  increased  and  new  develo""^  , 
started  simply  by  drilling  wells,  development  of  local  ground 
supplies  should  be  planned  only  on  the  basis  of  quantitative  tmu 
investigations  that  incorporate  exploratory  drilling  and  aquifer 
testing.  Such  drilling  and  testing  would  permit  a determination  of 
hydraulic  constants  and  an  evaluation  of  the  potential  yield  of  the 
ground-water  reservoir. 

As  a ground-water  reservoir  in  a given  subregion  undergoes 
development,  periodic  measurements  of  water  levels  and  chemical 
analyses  of  water  samples  are  advisable  for  early  detection  of  prob- 
lems that  may  occur  during  the  course  of  development.  To  collect 
such  data  effectively,  a network  of  observation  wells  that  are 
accessible  for  periodic  sampling  and  water-level  measurement  should 
be  established.  Wells  included  in  the  observation  program  should 
be  selected  to  reflect  representative  changes  in  water  levels  and 
chemical  quality  that  might  result  from  ground-water  development  of 
various  aquifers  and  local  areas.  Observation  wells  are  needed  in 
areas  near  the  coast  to  identify  water-quality  changes  that  would 
detect  inland  or  seaward  movement  of  the  interface  between  fresh 
and  salt  water.  Because  of  the  possibility  that  domestic  sewage 
and  industrial  wastes  may  contaminate  shallow  aquifers  which,  in 
turn,  may  pollute  nearby  streams,  water-quality  changes  in  these 
aquifers  should  be  evaluated  periodically. 

In  addition  to  the  data  obtained  from  the  observation  well 
network,  newly  drilled  production  wells  can  supply  a large  quantity 
of  pertinent  information,  such  as  pump-test  and  well-completion  data, 
drillers'  logs,  and  chemical  analyses.  This  information  should  be 
collected  and  filed  at  a central  location.  Many  additional  pumping 
tests  are  needed  to  determine  the  coefficients  of  transmissibi 1 ity 
and  storage  of  aquifers  throughout  the  region. 

In  addition  to  the  collection  of  various  kinds  of  data, 
analyses  of  the  data  are  needed.  One  badly  needed  study  is  that  of 
complete  aquifer  systems.  Such  a study  would  include  determining 
the  source  and  quantities  of  recharge  to  the  aquifer,  the  movement 
of  water  through  the  aquifer,  volumes  of  water  in  the  aquifer,  a de- 
termination of  how  much  water  can  safely  and  economically  be  removed 
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from  the  aquifer,  and  the  natural  and  manmade  means  of  removing 
water  from  the  aquifer. 


Ground-Water  Surface-Water  Relationships 

Studies  are  needed  to  determine  the  ground-water  component 
of  streamflow,  to  show  how  the  ground-water  component  varies  with 
time,  and  to  verify  or  devise  method*-  of  separating  the  streamflow 
hydrograph  into  its  two  major  components,  direct  runoff  and  ground- 
water  discharge.  Rapidly  increasing  demands  for  water  require  a 
better  understanding  of  ground  water-surface  water  relations  in 
order  that  the  effects  of  changing  patterns  of  development  and  a 
changing  environment  can  be  foreseen. 


Time  of  Travel 

Few  time-of-travel  studies  have  been  made  in  the  region  and 
those  mostly  in  Subregions  7,  9,  and  11.  Dispersion  studies  are 
equally  important  and  the  two  are  often  made  in  conjunction  with 
each  other.  The  greatest  need  for  these  studies  at  this  time  is 
in  regard  to  pollution  from  domestic  and  industrial  wastes,  thermal 
pollution,  and  the  transport  of  radionuclides;  other  quality-of- 
water  factors  such  as  pesticides,  dissolved  oxygen,  and  sediment 
also  are  important.  Time-of-travel  studies  should  be  made  on  all 
main  tributary  and  mainstem  streams;  also  on  any  small  streams 
where  pollution  may  be  a factor.  The  investigations  should  be 
made  at  several  river  stages  to  evaluate  the  effects  of  high,  low, 
and  medium  rates  of  flow. 


Drainage  Areas 

The  size  of  a drainage  area  is  needed  for  any  hydrologic 
study;  however,  the  only  drainage  areas  that  are  routinely  published 
and  available  to  everyone  are  those  above  gaging  stations.  In  1962, 
the  Geological  Survey,  in  cooperation  with  the  State  of  Washington, 
published  drainage-area  data  for  western  Washington,  and  in  1964, 
for  eastern  Washington.  The  minimum  stream  size  required  for  list- 
ing was  about  10  square  miles  at  the  mouth,  although  many  smaller 
areas  were  shown  because  of  other  criteria  for  determining  points 
of  measurement.  The  publications  were  prepared  in  accordance  with 
recommendations  of  the  Federal  Inter-Agency  River  Basin  Committee 
which  in  1951  designated  the  Geological  Survey  the  coordinating 
office  among  agencies  for  the  determination  of  drainage  areas  in 
most  areas  of  the  United  States.  Drainage-area  publications, 
similar  to  those  prepared  for  the  State  of  Washington,  are  needed 
to  cover  the  remainder  of  the  Columbia-North  Pacific  Region. 
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TECHNOLOGICAL  ADVANCES 

New  techniques  in  finding,  developing,  using,  and  conserving 
water  supplies  may  make  available,  at  reasonable  cost,  additional 
supplies  that  will  be  needed  to  help  meet  the  increasing  demand  for 
water.  Some  of  the  techniques  described  will  have  only  limited 
application,  but  may  be  very  important  locally  when  the  supply 
problem  is  critical.  Others,  undoubtedly,  will  prove  to  be  princi- 
pal tools  in  increasing  water  supplies;  these  mostly  involve  princi- 
ples that  are  already  known  but  lack  the  perfection  of  economical 
techniques.  Still  others  present  unsolved  problems  that  will 
require  new  technology  or  a breakthrough  of  present  applications. 

Forecasting 

Daily,  seasonal,  and  annual  variations  in  natural  hydrologic 
events  place  a high  premium  on  accurately  forecasting  the  quantity 
or  rate  of  runoff  in  order  to  plan  for  best  use  of  the  resource. 

The  daily  forecasts,  by  means  of  computer,  determine  stream- 
flow  for  up  to  30  days  in  advance  from  measurements  of  snow-water 
equivalent,  air  temperature,  precipitation,  soil  moisture,  antece- 
dent conditions,  and  contributing  area.  Upstream  contributions  are 
combined  and  routed  downstream  to  provide  results  at  any  point  in 
the  river.  These  forecasts  are  the  bases  for  daily  project 
operations . 

Seasonal  forecasts  utilize  similar  parameters  in  multiple 
correlation  equations  to  compute  runoff  for  the  year  or  portions 
of  a year. 

For  hydrologic  design,  reasonable  extreme  values  of  the 
above  parameters  are  commonly  combined  to  yield  an  extreme  value 
such  as  the  probable  maximum  flood  used  in  spillway  design.  Another 
principal  tool  used  in  hydrologic  design  is  probability  analysis. 
This  method  indicates  the  statistical  probability  that  a given 
quantity  of  precipitation  or  runoff  will  occur  at  some  future  date; 
however,  the  year  of  occurrence  cannot  be  predicted.  Also,  no  one 
has  been  able  to  predict  next  year's  precipitation  on  the  basis  of 
past  trends. 

In  order  to  coordinate  river  forecasting  activities  in  the 
Columbia-North  Pacific  Region  on  an  operational  basis,  the 
Cooperative  Columbia  River  Forecasting  Unit  was  formed  in  1963, 
under  agreement  made  at  the  Washington  level  of  the  agencies  in- 
volved. This  unit,  presently  comprising  river  forecasting  elements 
of  the  Corps  of  Engineers,  North  Pacific  Division,  and  the  Portland 
River  Forecast  Center,  Weather  Bureau,  ESSA,  provides  the  means  to 
centralize  forecasting  and  river  regulation  activities  to  meet  the 
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requirements  of  both  agencies.  The  overall  objectives  of  the  unit 
are:  (1)  to  make  best  use  of  available  computer  facilities  and 

trained  river  forecasting  specialists  of  the  agencies  involved; 

(2)  to  advance  techniques  in  all  phases  of  river  forecasting  as 
related  to  river  management;  (3)  to  provide  coordinated  operational 
forecasts  on  a long-,  medium-  and  short-range  basis  for  the  common 
use  of  both  agencies  in  meeting  their  respective  missions;  and 
(4)  to  centralize  the  river  intelligence  in  a river  operation  center 
for  daily  briefings.  By  meeting  these  objectives,  the  operation  of 
the  unit  jointly  by  the  two  agencies  has  resulted  in  great  effi- 
ciencies in  Federal  river  operation  by  coordinating  forecasts  as 
required  for  specific  agency  use,  and  by  preventing  duplication  of 
effort.  Aside  from  the  economies  achieved,  a forecasting  unit  of 
this  type  is  an  essential  part  of  an  integrated  river  management 
system  for  day-to-day  regulation. 

The  present  forecasting  of  streamflows  is  essential  for  effi- 
cient operation  of  the  many  river  projects,  and  it  is  the  guide  for 
conserving  water.  Improvements  in  current  forecasting  methods  will 
also  produce  savings  in  construction  costs,  industrial  and  agricultur- 
al operations,  transportation,  and  activities  of  the  general  public. 


Evaporation  Suppression 

When  certain  chemical  compounds  are  applied  to  water  surfaces, 
the  quantity  of  water  lost  through  evaporation  is  reduced.  The  pres- 
ently used  compounds  are  normal  long-chain  alcohols,  such  as  hexa- 
decanol,  which  are  insoluble  in  water.  When  applied  to  a water 
surface  they  form  a film  1-molecule  thick.  Wind  is  probably  the 
most  important  factor  contributing  to  the  destruction  of  a monolayer 
because  the  wind  compresses  the  film  and  washes  it  ashore.  Heavy 
rains  and  winds  may  cause  mixing  and  subsequent  destruction  of  the 
monolayer.  Multiple  use  of  a reservoir  or  lake,  especially  water- 
based  recreation,  would  cause  attrition  of  the  chemical.  Tests 
indicate  that  the  efficiency  of  a monolayer  is  a function  of  tem- 
perature and  that  one  compound  may  be  more  desirable  than  another 
through  certain  temperature  ranges. 

Evaporation  also  can  be  suppressed  by  the  injection  of  air 
into  the  water  body.  In  one  experiment,  a reduction  of  15  percent 
was  obtained  during  the  summer  using  air-bubbling  methods  which 
tended  to  eliminate  thermal  stratification  and  reduce  surface 
temperatures . 


Vegetation  Management 

Forests  and  other  vegetation  can  be  managec  so  as  to  increase 
the  water  yield  and  still  protect  the  quality  of  the  water. 
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Vegetation  is  one  of  the  most  important  factors  that  influence  the 
quantity  and  quality  of  water  coming  from  a watershed.  Manipulation 
of  vegetation  can  produce  additional  water  primarily  by  two  means. 

The  first  is  the  reduction  of  evapotranspiration  and  the  second  is 
induced  snow  accumulation  by  changing  the  pattern  of  forest  cover. 

The  increase  in  water  yield  by  prevention  of  evapotranspira- 
tion losses  is  proportional  to  the  amount  of  vegetation  removed. 

The  greatest  potential  for  such  increases  is  in  those  areas  of 
heaviest  precipitation,  particularly  where  much  of  the  precipitation 
occurs  as  snow.  Under  a wide  variety  of  conditions,  water-yield 
increases  vary  greatly  between  watersheds. 

Recent  studies  have  reported  increases  varying  from  16  per- 
cent in  the  Colorado  Rockies  to  45  percent  in  the  Oregon  Cascades. 

It  should  be  kept  in  mind,  however,  that  these  examples  are  far  from 
conclusive.  Present  evidence  indicates  that  these  increases  will 
taper  off  considerably  after  logging,  especially  as  the  area  is 
revegetated.  With  much  of  the  region's  forest  land  ownership  under 
some  form  of  sustained  yield  management,  timber  cutting  levels  tend 
to  stabilize  throughout  the  years.  Only  in  special  cases  would 
cutting  be  accelerated  extensively  to  affect  water  yields.  Since 
the  result  of  the  treatment  would  depend  on  the  size  of  the  area 
treated,  only  if  wholesale  areas  were  devegetated  would  the  accumu- 
lated effect  be  measureable.  Therefore,  this  practice  has  a much 
more  significant  local  than  regional  effect. 

Conversion  of  brushlands  to  grass  and  conversion  of  deep- 
rooted  species  and  riparian  vegetation  to  plants  that  use  less  water 
will  increase  water  yields.  However,  because  such  areas  are  either 
limited  in  acreage  or  are  located  in  low-precipitation  zones  with 
high  evapotranspiration  rates,  the  potential  for  water  yield  in- 
creases is  not  great.  The  phreatophytes  (common  water- loving  plants), 
even  though  not  abundant,  consume  a significant  part  of  the  summer 
water  supply.  Some  of  this  water  may  be  economically  reclaimable. 

Phreatophytes  may  be  removed  by  uprooting,  mowing,  or  spraying  with 
growth-retardant  chemicals.  An  alternative  method  of  reducing 

evapotranspiration  is  to  remove  the  water  supply  by  draining  marshes  t; 

or  pumping  wells  to  lower  the  water  table  below  the  root  zone. 

Any  efforts  to  increase  water  yield  by  vegetative  management 
should  be  scientifically  planned  so  as  not  to  create  additional 

hazards  such  as  deterioration  of  water  quality  or  flood  hazards.  j 

Increases  in  water  yield  as  a result  of  vegetative  removal  will 
diminish  unless  the  regrowth  of  new  vegetation  is  inhibited. 

East  of  the  Cascade  Range  there  is  a real  need  to  improve  ' 

water  quantity  and  timing  of  runoff  while  west  of  the  Cascade  Range 
the  need  is  not  quite  so  urgent.  However,  if  the  results  of  work 
performed  by  the  Forest  Service  in  the  H.  J.  Andrews  Experimental 
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Forest  at  Blue  River,  Oregon,  (see  134-125  which  shows  significant 
increases  in  low  summer  flows)  are  applicable  to  other  areas,  in- 
creased water  yields  even  on  the  west  slope  of  the  Cascade  Range 
would  be  feasible. 

Another  phase  of  vegetation  management  that  may  develop  in 
the  future  is  the  irrigation  of  forests  to  increase  their  growth 
rate.  A combination  of  fertilization  and  irrigation  can  materially 
increase  per  acre  yields  of  timber. 

, Subsurface  Reservoirs 

In  many  parts  of  the  region,  available  supplies  may  be 
increased  through  more  effective  management  of  the  ground-water 
reservoirs.  Greater  utilization  of  ground-wrater  supplies  cannot 
significantly' add  to  the  total  water  supply;  however,  it  may  result 
in  an  improvement  in  dependability  as  well  as  an  increase  in  the 
part  of  the  total  supply  that  is  available  for  use.  The  improve- 
ment in  dependability  accrues  through  the  function  of  the  ground- 
water  system  as  a reservoir.  The  increase  in  available  supply 
results  from  the  salvage  of  water  that  otherwise  would  evaporate 
or  discharge  naturally  without  being  put  to  beneficial  use.  In 
contrast  to  these  benefits,  the  greater  use  of  ground  water  depletes 
the  total  water  supply  to  the  extent  that  the  additional  ground 
water  is  evaporated,  transpired,  or  transported  outside  the  region 
or  area  of  consideration. 

Ground-water  reservoirs  can,  in  principle,  be  managed  like 
surface  reservoirs,  but  utilization  of  them  has  important  advan- 
tages. First,  the  initial  costs  connected  with  management  of  sub- 
surface reservoirs  commonly  are  much  lower  than  for  surface 
reservoirs.  Second,  the  ground-water  bodies  generally  are  not 
subject  to  evaporation  and  are  less  subject  to  pollution  and  to 
undesirable  temperature  changes.  The  general  objectives  of  manag- 
ing subsurface  reservoirs  are  the  same  as  for  surface  reservoirs-- 
to  deliberately  manipulate  the  additions  to,  and  the  withdrawals 
or  releases  from,  the  water  body  so  as  to  store  water  during  times 
of  excess  for  use  during  later  periods  of  deficient  supply.  The 
techniques  required,  however,  are  quite  different. 

F.ffective  management  of  some  ground-water  reservoirs, 
expecially  those  from  which  the  withdrawals  now  are  localized  or 
are  relatively  small,  would  include  the  deliberate  drawdown  of 
ground-water  levels  to  make  space  for  additional  recharge  water 
that  is  available  naturally  or  that  could  be  made  available 
artificially.  In  areas  where  the  proper  hydrologic  conditions 
exist,  this  can  be  accomplished  with  little  or  no  effect  on  stream- 
flow  during  critical  periods  of  surface-water  use.  Increased  with- 
drawals may  also  conserve  the  supplies  of  ground  water  available 
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by  reducing  the  nonbenef icial  natural  discharge  from  the  ground- 
water  bodies,  such  as  evapotranspiration  or  seepage  to  streams 
during  other  than  critical  periods  of  their  flow.  Gradual  reduc- 
tions in  nonbenef icial  natural  discharge  are  occurring  now  at  many 
places  where  pumping  of  ground  water  is  being  increased. 

Artificial  recharge  is  the  process  of  adding  water  to  the 
subsurface  reservoirs.  One  type  of  artificial  recharge  is  surface 
spreading,  which  consists  of  diverting  water  from  a stream  and 
allowing  it  to  flow  over  or  stand  upon  permeable  material  so  that 
it  may  infiltrate  to  the  ground-water  body.  Spreading  can  be  ac- 
complished by  simply  flooding  flat  areas  in  which  the  water  can  be 
retained  for  substantial  periods  of  time,  by  holding  the  water  in 
artificially  constructed  basins  or  in  natural  ponds,  or  by  directing 
the  recharge  water  into  ditches  or  furrows.  A second  method  which 
is  commonly  used  to  artificially  recharge  aquifers  is  the  injection 
of  water  directly  into  the  aquifer  through  wells.  Expected  improve- 
ments in  artificial-recharge  techniques  will  enhance  this  means  of 
augmenting  the  natural  recharge.  However,  not  all  the  water 
recharged  artificially  is  recoverable. 

A method  of  increasing  the  recharge  to  aquifers,  at  the 
expense  of  flow  in  adjacent  streams,  is  the  deliberate  drawdown  of 
ground-water  levels  in  shallow  aquifers  adjacent  to  streams  so  as 
to  induce  or  increase  infiltration  of  water  from  the  streams  into 
the  aquifers.  This  practice  is  fairly  common  and  is  used  largely 
to  obtain  water  for  municipal  and  industrial  supplies  that  requires 
less  treatment  than  if  it  were  taken  directly  from  the  streams. 

The  gain  in  well  supplies  by  this  method,  of  course,  is  offset  by 
a corresponding  reduction  in  the  flow  of  the  affected  streams. 
However,  at  places  where  the  wells  can  be  located  sufficiently  far 
from  the  affected  streams,  the  influence  of  pumpage  from  wells  may 
be  delayed  until  after  periods  of  low  streamflow. 

Glaciers 


Of  considerable  importance  to  water  users  is  the  fact  that 
glaciers  retain  a large  part  of  the  precipitation  falling  on  them 
during  the  wet  winter  season  and  release  this  water  during  the  hot, 
dry,  late  summer  season  when  it  is  most  needed.  The  opposite  is 
true  of  nonglacier  areas  which  release  most  of  their  water  during 
the  wet  season  and  early  summer.  Also,  during  cold  wet  years,  when 
not  as  much  water  is  needed  by  irrigators  and  other  consumers, 
glaciers  tend  to  accumulate  precipitation  and  grow,  and  during  the 
hot,  dry  years  they  tend  to  release  more  than  an  average  quantity 
of  water.  Thus,  glaciers  are  naturally  regulated  frozen  reservoirs. 
Figure  25  shows  runoff  and  precipitation  in  1960  at  South  Cascade 
Glacier  in  Washington. 
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FIGURE  25.  Runoff  and  Precipi tation  at  South 
Cascade  Glacier,  Washington,  1960 


The  glacier- cove red  areas  in  the  conterminous  United  States, 
consisting  of  198  square  miles,  all  lie  in  the  11  western  states. 
(76)  Forty-nine  percent  of  the  glacier-covered  area  is  located  in 
the  northern  Cascade  Range  in  north-central  Washington.  The  State 
of  Washington  claims  77  percent  of  the  total  surface  area  and  the 
Columbia-North  Pacific  Region  contains  83  percent  of  the  total 
glacier-covered  area.  The  glaciers  are  located  in  four  states  as 
listed  in  table  16. 

The  glaciers  are  estimated  to  contain  46  million  acre-feet 
of  water.  If  the  melt  rate  were  controlled  to  produce  an  additional 
1 million  acre-feet  of  water  per  year,  the  glaciers  would  disappear 
during  the  next  50  years.  However,  with  83  percent  of  the  glacier 
area  lying  in  the  northern  Cascade  Range  where  water  is  present  ly 
plentiful,  there  is  little  likelihood  that  the  glaciers  will  be 
depleted  by  man  for  water  supply  purposes. 

It  has  been  estimated  that  in  1850  the  surface  area  of  the 
glaciers  in  the  region  was  about  double  what  it  is  today.  If  it 
is  assumed  that  volume  is  directly  proportional  to  surface  area, 
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then  the  gradual  loss  in  volume  of  the  glaciers  contributed  an 
average  of  400,000  acre-feet  of  water  per  year  during  the  last  100 
years  to  about  1950.  Since  then  the  glaciers  have  remained  fairly 
stable,  neither  growing  nor  shrinking  appreciably. 


Table  16  - Glaciers  in  the  Region 


Surface  Area 

Estimated  Volume 

Surface  Area 

(Percent  of 

(Bi 1 lion 

(Sq.  Mi.) 

Regional  Total) 

Gallons) 

(Acre-Feet) 

Washington 

153 

92.8 

14,400 

44 ,200,000 

Oregon 

8 

4.8 

450 

1 ,382  ,000 

W.  Montana 

3 

1.8 

150 

460,000 

Wyoming 

1 

.6 

30 

92,000 

TOTAL  (rounded)  165 

100.0 

15,000 

46,000,000 

In 

theory,  the  melt 

rate  of  glaciers 

can  be  increased  by 

spreading  a thin  layer,  or  decreased  by  spreading  a thick  layer, 
of  dark  material  over  the  ice.  Experience  shows  that  the  melt  rate 
can  be  increased  several  times  normal  if  the  proper  thickness  of 
coal  dust  is  applied;  however,  this  is  an  expensive  procedure. 
Glacier  melt  is  caused  chiefly  by  radiation  from  the  sun,  and  coal 
dust  reduces  the  reflectivity  of  the  snow  from  about  50  to  as  low 
as  30  percent. 

Most  of  the  glaciers  lie  in  National  Park  and  National 
Forest  wilderness  or  proposed  wilderness  areas  where  land-use 
restrictions  would  severely  limit  plans  to  control  melt  rates 


Alpine  Snowfields 

Alpine  snowfields  are  an  important  source  of  summer  stream- 
flow  in  the  region.  There  has  been  considerable  experimental  work 
on  the  use  of  artificial  barriers  to  increase  the  depth  and  extent 
of  alpine  snowfields  in  order  to  increase  both  the  quantity  and 
duration  of  melt  water  released  for  summer  streamflow. 


Studies  have  shown  that  the  size  and  depth  of  the  snowfields 
are  related  to  the  size,  shape,  and  orientation  of  the  barrier 
behind  which  they  accumulate.  In  many  alpine  areas  natural  catch- 
ments are  filled  early  in  winter  and,  once  the  natural  barriers 
are  full,  the  windborne  snow  of  later  storms  is  swept  across  the 
gently  undulating  snow  surface  to  be  deposited  in  the  timber 
farther  down  the  mountain.  The  melt  water  from  this  snow  enters 
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the  streams  in  spring  when  streamflow  is  high  and  must  either  be 
stored  in  reservoirs  or  allowed  to  run  off  to  the  sea. 

Artificial  barriers  can  be  constructed  at  sites  where 
drifting  occurs  naturally  and  thus  induce  additional  drifting. 

Such  barriers  can  be  designed  and  located  to  increase  the  size  of 
drifts  that  already  persist  most  of  the  summer  or  to  increase  the 
depth  of  drifts  that  normally  melt  out  by  midsummer.  The  storage 
of  water  in  high-altitude  snowfields  rather  than  in  low-altitude 
reservoirs  will  result  in  a net  reduction  in  evaporation  losses. 

Data  from  research  studies  and  actual  operations  of  artifi- 
cial barriers  indicate  that  a mile  of  snow  fence  will  accumulate 
about  50  acre-feet  of  water  in  addition  to  that  which  would  be  on 
the  site  normally.  Amounts  will  also  vary  with  the  site  and  fence 
height . 


Breaking  off  cornices  and  inducing  avalanches  with  sub- 
sequent accumulation  of  deep,  protected  drifts  can  also  reduce 
evaporation  losses  and  prolong  snowmelt.  The  total  supply  of  water 
may  not  be  affected  materially,  although  there  may  be  some  gain 
from  reduced  evaporation,  but  the  redistribution  of  greater  flows 
to  the  hotter,  drier  summer  months  is  advantageous.  One  mile  of 
cornice  in  the  Colorado  Rockies  was  estimated  to  contain  150  acre- 
feet  of  water  after  snow  had  disappeared  from  the  surrounding 
areas . 


In  addition  to  barriers,  various  materials  have  been  applied 
as  film  covers  to  maintain  snowbanks  until  later  in  the  season. 


Weather  Modification 

Weather  modification  in  its  broadest  sense  includes  all 
manmade  changes  in  natural  conditions  of  weather  or  climate.  Cloud 
modification  by  artificial  seeding  with  one  or  another  of  several 
agents  has  been  extensively  tested.  The  principal  conclusion  from 
these  tests  so  far  is  that  uncertainties  still  remain  in  the 
results  and  in  the  practical  utility  of  present  methods  for  arti- 
ficially increasing  rainfall. 

The  American  Meteorological  Society  has  stated  that  cloud 
seeding  acts  only  to  trigger  the  release  of  precipitation  from 
existing  clouds.  The  release  of  substantial  quantities  of  pre- 
cipitation by  either  natural  or  artificial  means  requires  the  pre- 
existence of  an  extensive  moisture  supply  in  the  form  of  moist  air 
currents  and  of  active  cloud-forming  processes.  For  this  reason 
the  meteorological  conditions  most  favorable  for  the  artificial 
release  of  precipitation  are  much  the  same  as  those  which  usually 
lead  to  the  natural  release  of  precipitation.  This  factor  plus 
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the  extreme  variability  of  precipitation  makes  the  evaluation  of 
the  effects  of  seeding  difficult  and  often  inconclusive. 


In  the  June  1968  issue  of  Weatherwise , the  American  Meteoro- 
logical Society  stated,  "In  general  we  agree  with  the  statement  made 
by  the  National  Academy  of  Sciences  that  there  is  increasing,  but 
still  somewhat  ambiguous,  statistical  evidence  that  precipitation 
from  some  types  of  cloud  and  storm  systems  can  be  modestly  increased 
or  redistributed  by  cloud-seeding  techniques." 

In  1966,  the  National  Academy  of  Sciences  reported  that  pre- 
cipitation increases  in  the  order  of  10  percent  apparently  can  re- 
sult from  ground-based  silver-iodide  seeding  of  winter  orographic 
storms.  This  conclusion  refers  specifically  to  winter  mountain 
storms  in  the  western  United  States. 

The  above  discussion  suggests  that  if  any  part  of  the  United 
States  can  benefit  from  cloud-seeding,  it  should  be  the  Columbia- 
North  Pacific  Region. 


Nuclear  Explosives 

Detonation  of  nuclear  explosives  does  not  create  water  in 
quantity  that  significantly  increases  the  supplies  naturally  avail- 
able for  use  by  man.  However,  nuclear  explosives  might  be  used  to 
produce  changes  in  the  natural  environments  of  water  and  thus  have 
a useful  application,  but,  as  yet,  their  use  for  the  enhancement  of 
water  resources  is  untested.  They  have  a potential  for  (1)  creat- 
ing space  in  which  water  might  be  stored  either  on  or  beneath  the 
land  surface,  (2)  modifying  the  system  of  stream  channels  on  the 
land  surface,  and  (3)  changing  the  transmissibi lity  of  rock  strata 
underground.  Although  radioactive  contamination  can  be  predicted 
and  controlled,  it  is  an  ever-present  hazard  that  must  be  considered. 

Surface  storage  of  water,  either  temporarily  for  flood  con- 
trol or  on  a more  permanent  basis,  could  be  accomplished  using 
craters  created  by  nuclear  explosives.  Another  potential  way  of 
utilizing  nuclear  explosives  for  water  storage  is  to  create  land- 
slide dams.  Choice  of  site  and  geology  would  be  critical. 

Underground  storage  can  be  provided  by  a nuclear  explosion 
that  is  deep  in  soil  or  rock,  yet  close  enough  to  the  surface  that 
the  shattering  effect  reaches  the  surface.  Water  can  then  be 
diverted  into  the  void  created  and  stored  with  little  loss  by 
evaporation . 

Obviously,  there  are  many  occasions  where  diversions  of 
surface  water  are  in  order.  Excavations  of  canals,  changing  of 
river  courses,  and  draining  of  swamps  are  feasible  by  detonating 
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devices  closely  enough  together  that  the  craters  form  a continuous 
channel . 


tion  of  impervious  strata.  Horizontal  flow  could  be  induced  by 
blasting  out  impermeable  intrusive  dikes. 

Recent  studies  by  the  Geological  Survey  indicate  that  it 
probably  will  be  many  years  before  nuclear  explosives  play  an  im- 
portant role  in  water  resources  enhancement. 

Desalination 

The  search  for  processes  to  desalinate  saline  and  brackish 
waters  has  taxed  the  ingenuity  of  man  for  centuries  and  practical 
methods  for  desalination  of  ocean  water  in  small  quantities  have 
been  in  use  on  ships  for  more  than  100  years.  The  problems  associ- 
ated with  desalination  are  primarily  ones  of  engineering. 

Low-cost  saline-water  conversion  has  made  dramatic  progress 
during  the  last  few  years.  Conversion  has  advanced  in  a number  of 
broad  fields,  each  incorporating  a different  process.  Some  proc- 
esses are  distillation  using  fuels,  solar-heat  distillation,  membrane 
processes,  separation  by  freezing,  and  other  chemical,  electrical, 
and  physical  methods.  The  most  advanced  of  the  present  processes 
is  flash  distillation. 

Present  developments  indicate  the  use  of  large-scale,  com- 
bination plants  using  atomic  energy  to  provide  both  electric  power 
and  desalinized  water.  These  plants  would  produce  several  hundred 
million  gallons  of  fresh  water  per  day  and  at  the  same  time  generate 
several  million  kilowatts  of  electric  power.  Such  plants  yield 
minimum  costs  for  both  commodities. 

In  1967,  Key  IVest,  Florida,  completed  the  largest  desalting 
plant  to  date.  It  produces  more  than  2.6  million  gallons  per  day 
of  fresh  water  at  a cost  of  about  85  cents  per  thousand  gallons. 

A much  larger  plant,  a dual-purpose  power-desalting  unit 
near  Los  Angeles,  is  in  the  planning  stages  for  construction.  The 
plant  will  deliver  150  million  gallons  of  fresh  water  per  day, 
enough  to  supply  a half-million  people,  and  at  the  same  time 
generate  enough  electric  power  to  serve  two  million  people. 

During  the  next  20  years  costs  may  be  as  low  as  10  cents 
per  thousand  gallons  at  a plant  site.  Even  at  this  price,  about 
$32  per  acre-foot,  irrigators  could  hardly  afford  to  buy  desalinized 
water.  However,  municipalities  and  industry  could  afford  to  pay 
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the  price.  Advanced  technology  using  breeder  reactors  and  improved 
distillation  processes  is  projected  to  lower  production  costs. 


If  the  need  should  arise,  several  large  metropolitan  areas 
in  the  region  are  strategically  located  for  direct  use  of  desalted 
water.  Also,  some  inland  areas,  such  as  the  Closed-Lakes  Basin  in 
Oregon,  may  eventually  desalt  water  to  supply  fresh  water  needs. 

At  the  present  time  some  cities  in  the  United  States  are 
desalinizing  a certain  percentage  of  their  brackish  water  supply  and 
mixing  this  with  the  untreated  water  to  obtain  water  of  an  acceptable 
quality.  This  principle  could  be  used  in  an  area  such  as  Subregion  12 
where  large  supplies  of  brackish  water  are  available.  Also,  some 
work  is  being  done  to  develop  crops  more  tolerant  to  salts,  and 
studies  are  being  made  of  irrigation  practices  that  permit  the  use  of 
brackish  water. 

The  Department  of  Interior's  Office  of  Saline  Water  stated  in 
October  1968  that  desalting  is  becoming  more  and  more  competitive 
with  conventional  sources  of  water  supply  and  that  comprehensive 
river  basin  studies  must  now  consider  desalting  as  an  alternate 
source,  either  new  or  supplemental,  of  fresh  water. 
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SUBREGION  1 


CLARK  FORK  - KOOTENAI  - SPOKANE 


HYDROLOGIC  FRAMEWORK 

The  Clark  Fork-Kootenai-Spokane  Subregion  contains  all  of 
Montana  west  of  the  Continental  Divide,  northern  Idaho  north  of  and 
including  drainages  of  the  St.  Joe  and  St.  Maries  Rivers,  and  that 
part  of  northeastern  Washington  containing  the  Spokane  and  Pend 
Oreille  River  Basins.  It  is  bounded  on  the  north  by  the  Interna- 
tional Boundary  with  Canada,  on  the  east  by  the  Flathead  and  Rocky 
Mountains,  on  the  south  by  the  Anaconda  and  Bitterroot  Mountains, 
and  on  the  west  by  the  low  divide  of  small  Columbia  River  tributaries. 
The  highest  elevations  in  the  area  are  along  the  Bitterroot  Divide 
between  Montana  and  Idaho,  and  along  the  Continental  Divide  in 
Montana.  Ridge  elevations  along  most  of  the  Bitterroot  Divide  run 
about  7,000  feet  above  sea  level,  but,  along  the  northern  parts  of 
the  Continental  Divide,  ridge  elevations  reach  9,000  feet  or  higher 
in  many  places.  Lowest  elevations  are  found  along  the  lower  end  of 
the  Spokane  River  in  Washington  at  about  1,300  feet. 

Most  of  the  mountain  ranges  in  this  subregion  are  aligned 
roughly  southeast-northwest,  and  river  drainages  follow  this  orien- 
tation fairly  well.  But  there  are  exceptions,  particularly  in 
central  and  eastern  parts  of  the  area,  where  mountain  and  river 
complexes  change  orientation  rapidly  within  short  distances.  This 
mountain-valley  character  and  the  pattern  of  major  divides  and 
valleys,  running  generally  SE-NW,  have  marked  effects  on  weather, 
with  large  variations  from  west  to  east. 

The  subregion  covers  36,361  square  miles,  of  which  706  square 
miles  are  water  and  35,655  are  land,  altogether  amounting  to  about 
13  percent  of  the  regional  area. 

Figure  2 shows  the  general  physiographic  features  of  the 
subregion.  Along  most  of  the  major  streams  and  many  of  the  minor 
ones  are  intermontane  valleys  and  small  prairies  suitable  for  agri- 
culture. In  the  upper  basins,  the  floors  of  these  valleys  range 
in  elevation  from  2,700  to  4,000  feet  and  in  the  lower  basins  from 
2,000  to  2,700  feet.  These  cultivable  areas  are  separated  by  deep, 
narrow  valleys  and  canyons  where  the  streams  cut  through  the  numer- 
ous mountain  systems.  Mountains  in  the  divide  generally  range  from 
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7,000  to  10,000  feet.  Two  very  important  geologic  events  have 
determined  the  overall  drainage  pattern.  The  first  event,  which 
determined  the  main  lines  of  drainage,  was  the  early  structural 
growth  of  the  mountain  ranges  and  valleys  brought  about  by  periods 
of  folding  and  faulting,  with  intervening  periods  of  erosion.  The 
second  event,  which  directly  or  indirectly  altered  many  of  the 
minor  details  of  the  drainage,  was  the  advance  of  glaciers  during 
the  Pleistocene. 

Streams  originating  within  this  subregion  averaged  about 
14  inches  of  runoff  per  year  or  36.253  cfs  (cubic  feet  per  second) 
during  the  period  1929-58.  The  maximum  was  about  1-1/2  and  the 
minimum  about  1/2  times  the  average. 

The  subregion  is  drained  by  three  major  river  systems,  the 
Kootenai,  Clark  Fork,  and  Spokane.  Of  the  three,  the  stream  gra- 
dients for  the  Kootenai  are  highest,  but  range  from  about  1 to  3 
percent  in  the  upper  reaches  and  are  only  about  1/10  percent  in  the 
lower  valleys.  The  Kootenai  Basin  contributes  only  about  11  inches 
of  runoff  per  year  in  the  United  States,  but  about  18  inches  are 
contributed  by  the  portion  of  the  basin  in  Canada. 

The  stream  gradients  for  the  Clark  Fork  Basin  range  from 
about  1 to  2 percent  in  the  upper  reaches  and  are  only  about  1/10 
percent  in  the  lower  valley.  The  basin  contributes  about  14  inches 
of  runoff  per  year,  ranging  from  about  6 inches  above  Missoula  to 
about  27  inches  from  the  South  Fork  Flathead  River  drainage. 

Stream  gradients  for  the  Spokane  River  Basin  also  range 
from  about  1 to  2 percent  in  the  upper  reaches  but  are  about  1/5 
percent  near  the  mouth.  This  basin  contributes  about  20  inches 
of  runoff  per  year  with  the  Coeur  d'Alene  River  near  Cataldo  contri- 
buting about  27  inches. 

« 

Glaciers  exist  in  the  upper  Flathead  River  Basin  in  suffi- 
cient extent  to  have  an  appreciable  effect  on  the  summer  flows. 

However,  the  more  important  glaciers  lie  farther  north  in  Canada. 

Soils  in  great  variety  exist  in  the  subregion,  few  of  them 
residual  in  nature.  Oldest  soils  are  found  on  the  upland  plateau 
areas  that  were  not  disturbed  by  ice  invasions.  These  soils  were 
mostly  airborne  by  prevailing  westerly  winds  and  contain  volcanic 
ash  from  Cascade  eruptions.  Generally,  the  soils  may  be  classified 
into  three  broad  groups:  light-colored  upland  soils,  dark  bottom 
land  soils,  and  miscellaneous. 
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About  90  percent  of  the  Kootenai , 80  percent  of  the  Clark 
Fork,  and  80  percent  of  the  Spokane  Basin  are  forest  covered.  The 
three  main  species  are  pine,  fir,  and  Western  Larch  in  nearly  equal 
proportions,  with  the  Spokane  Basin  predominately  pine.  The  remain- 
der of  the  subregion  is  agricultural  land,  mostly  under  irrigation 
in  the  Kootenai  and  Clark  Fork  Basins  and  dry  land  farming  in  the 
Spokane . 

Spokane  is  the  largest  city,  with  a 1960  population  of 
181,608. 


CLIMATE 

Most  of  the  weather  variation  is  brought  to  this  subregion 
on  the  general  easterly  flow  of  the  lower  layers  of  the  atmosphere 
common  to  this  latitude  in  the  Northwestern  United  States.  This 
general  characteristic,  however,  is  more  pronounced  in  the  north- 
western parts  (around  Spokane,  Coeur  d'Alene,  Bonner's  Ferry,  etc.) 
than  in  southeastern  areas  (around  Butte,  Deer  Lodge,  or  even  as 
far  west  as  Missoula),  probably  because  the  mountain  complex  of 
western  Montana  and  central  Idaho  is  quite  extensive  and  averages 
1,000  feet  or  more  higher  than  the  mountains  to  the  northwest, 
providing  a partial  shield  from  much  of  the  weather  carried  in  the 
general  easterly  flow. 

For  the  northwestern  fringes  of  the  subregion,  the  only 
formidable  mountain  barrier  upwind  in  the  westerlies  is  the  western 
Washington  Cascade  Range.  Much  of  the  time  the  resulting  weather 
as  far  east  as  the  Flathead  Valley  of  Montana  has  Pacific  Maritime 
characteristics  - although  much  less  pronounced  than  along  Cascade 
western  slopes.  In  western  Montana  this  character  becomes  diluted 
by  continental  effects  to  the  southeast,  until  in  the  Butte-Deer 
Lodge  area,  the  climate  has  taken  on  many  continental  characteris- 
tics. During  the  cold  half  of  the  year,  the  valleys  of  the  entire 
subregion  experience  many  days  with  dense  fog  or  low  stratus  clouds. 
This  condition  results  from  radiational  cooling  of  valley  bottom 
air,  and  relatively  warmer  Pacific  source  air  moving  over  the  top 
of  the  more  dense  air  near  the  surface. 
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north,  but  substantial  moisture  falls  over  most  of  the  area  with 
the  exception  of  some  "rain  shadow"  sections  such  as  the  Butte- 
Deer  Lodge -Drummond  valley,  and  a small  area  southwest  of  Flathead 
Lake.  Aside  from  these  mountain  "shadow"  relatively  dry  areas,  the 
lowest  average  annual  precipitation  of  the  entire  subregion  is  the 
section  west  to  southwest  of  Spokane,  where  annual  amounts  average 
not  far  from  15  inches.  Annual  average  totals  increase  rapidly, 
but  not  uniformly,  eastward  into  the  mountains.  Several  places  in 
northern  Idaho  and  extreme  northeastern  Washington  have  annual 
totals  of  50  inches  or  more,  and  along  the  west  slopes  of  the 
Glacier  National  Park  Rockies  annual  totals  increase  to  near  100 
inches.  The  mountain  "shadowed"  sections  of  western  Montana,  how- 
ever, have  annual  averages  as  low  as  10  inches.  Table  17  and 
figure  26  show  precipitation  data  and  location  of  precipitation 
stations . 


Table  17  - Average  Monthly  and  Annual  Precipitation  (inches),  Clark  Fork -Kootenai -Spokane  Subregion,  1931-60 


F.leva- 


Station 

t ion 

Jan . 

Feb . 

Mar . 

Apr . 

May 

June 

July 

Aufi. 

Sept . 

Oct . 

Nov . 

Dec. 

Annual 

Kalispell  WB  AP 

2,965 

1.37 

1 .00 

.96 

1.04 

1 .67 

2.21 

1 .04 

1 .09 

1 .04 

1.24 

1.43 

1.33 

15.42 

West  Glacier 

3,154 

3.13 

2.42 

1.81 

1 .87 

2.36 

3.02 

1.27 

1.33 

1.89 

2.64 

3.06 

3.26 

28.06 

Summit  1/ 

5,213 

4.17 

3.78 

3.04 

2.93 

3.06 

3.88 

1.35 

1.58 

2.61 

3.14 

4.29 

4.46 

38.29 

Poison  AP 

2,932 

1.02 

.97 

.89 

1 . 16 

1 .93 

2.27 

1 .00 

.94 

1.23 

1.29 

1.17 

1.16 

15.03 

Missoula  WB  AP 

3,200 

.92 

.87 

.73 

.97 

1.87 

1 .91 

.85 

.72 

1 .02 

.99 

.90 

1 .08 

12.83 

Drummond  FAA  AP  1/ 

4,240 

.60 

.55 

.60 

.74 

1.80 

2.11 

1 . 14 

.91 

.93 

.69 

.71 

.62 

11.40 

Butte  FAA  AP  ~ 

5,530 

.42 

.44 

.65 

.90 

1.74 

2.42 

1.20 

1.03 

1.04 

.67 

.49 

.48 

11.48 

Libby  INK  RS 

2 .080 

2.18 

1.50 

1.41 

1 .04 

1.29 

1 .66 

.62 

.90 

1 . 19 

1.97 

2.34 

2.37 

18.47 

Mullan  Pass  CAA  1/ 

6,022 

5 .06 

4 .43 

3.65 

2.03 

2.15 

2.66 

1.05 

1 . 16 

2.06 

3.63 

4.71 

5.64 

38.23 

St.  Maries 

2,080 

3.79 

2.87 

2.63 

1 .99 

l .99 

2.18 

.71 

.67 

1 .43 

2.79 

3.58 

4.08 

28.71 

Coeur  d'Alene  RS 

2,158 

3.42 

2.52 

2.34 

1.71 

2.04 

1 .93 

.66 

.72 

1.35 

2.50 

3.20 

3.74 

26.13 

Bonners  Ferry  1SW 

1 ,846 

3.16 

2.24 

1.76 

1.11 

1.37 

1 .62 

.78 

.78 

1.26 

2.41 

3.08 

3.51 

23.08 

Spokane  WB  AP 

2,357 

2.44 

1.86 

1.50 

.91 

1.21 

1 .49 

.38 

.41 

.75 

1.57 

2.24 

2.43 

17.19 

Newport 

2,135 

3.50 

2.65 

2.48 

1.71 

1 .99 

I .89 

.61 

.80 

1.47 

2.76 

3. SI 

3.79 

27.16 

Metaline  Falls  \J 

2,107 

3.14 

2.48 

2.08 

1.76 

2.32 

2.98 

1 .40 

1.30 

1.62 

3.06 

3.15 

3.37 

28  66 

17  Period  is  longer  or  shorter  than  the  30-year  normal . 


In  the  northwestern  parts  of  the  subregion,  a large  propor- 
tion of  the  annual  precipitation  comes  during  the  cold  season 
(Spokane  receives  70  percent  of  the  annual  normal  during  the  Octobcr- 
March  6-month  period).  At  the  southeastern  edge  of  the  subregion, 
however,  the  picture  is  almost  exactly  reversed  - 73  percent  of 
Butte's  annual  normal  comes  during  the  Apri 1-September  warm  season. 

The  change  in  seasonal  maximum  precipitation  is  fairly  gradual  i 

northwest  to  southeast.  Particularly  over  the  mountains,  most 

winter  moisture  falls  as  snow,  and  it  is  much  heavier  in  all  cases 

than  over  valley  bottoms.  Density  of  the  mountain  snowpack  increases 

from  about  20  percent  water  equivalent  in  early  winter  to  about 

35  percent  in  April. 
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A 


The  temperature  regime  follows  the  seasons  very  well,  with 
cold  winters  (coldest  in  the  higher  valleys  of  the  southeast), 
warm  summers  (warmest  in  the  sheltered  lower  valleys  of  the  north- 
west) . Pacific  modifying  (warming)  influences  are  at  a maximum 
during  winters  in  the  northwest,  where  Arctic  cold  invasions  occur 
only  about  once  a winter,  and  at  a minimum  in  the  Butte-Deer  Lodge 
section  where  cold  continental  air  may  penetrate  several  times  in 
a winter.  In  the  lower  elevations  from  the  northwest  into  the 
Thompson  Falls-Libby  section  of  Montana,  highest  temperatures  of 
record  run  near  110°F.,  while  Butte  and  Deer  Lodge  have  reached 
only  100°F.  (table  18)  On  the  cold  end  of  the  scale,  differences 
in  extremes  are  greater;  from  around  -50°F.  in  the  Deer  Lodge  Valley 
to  around  -20°F.  in  much  of  northeastern  Washington.  Table  18  and 
figure  26  show  temperature  data  and  location  of  weather  stations. 


The  longest  growing  season  between  occurrences  of  32°F.  tem- 
peratures is  175  days  at  Spokane.  That  for  Poison,  Montana,  is 
almost  as  long  at  142  days,  whereas  Libby  and  Butte,  Montana, 
experience  seasons  of  only  80  and  81  days,  respectively.  The  aver- 
age date  of  the  last  spring  freeze  is  April  20  at  Spokane,  May  10 
at  Poison,  and  June  8 at  both  Libby  and  Butte.  The  average  dates 
of  the  first  fall  freeze  for  these  stations  are,  respectively, 
October  12,  September  28,  August  27,  and  August  28. 


Wind 

Windiness  is  quite  variable;  but  most  valley  areas  have 
less  than  10  mph  average  wind  speeds  for  the  year.  Some  of  the 
deeper,  more  sheltered  valleys  of  the  Kootenai,  Clark  Fork,  and 
Flathead  Rivers  probably  have  annual  average  wind  speeds  as  low  as 
5 or  6 mph.  According  to  a statistical  study  by  the  Bonneville 
Power  Administration,  sustained  (1  min.  or  longer)  wind  speeds 
may  reach  70  mph  about  once  in  50  years  over  all  the  subregion 
except  in  the  southeastern  part  (Powell,  Deer  Lodge,  Silver  Bow 
Counties,  Montana;  and  Kootenai,  Benewah,  and  Shoshone  Counties, 
Idaho)  where  extremes  may  reach  70  to  80  mph  for  the  average  50- 
year  return  period. 

Fvr  '/oration 

.M  — 

Annual  evaporation  from  a Class  A pan  is  estimated  at  35 
to  40  inches  over  much  of  the  area,  but  increases  to  45  to  55 
inches  in  the  lower  elevations  in  Washington. 
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Table  18  - Average  and  Extreme  Temperatures  (°F.)»  Clark  Fork-Kootenai-Spokane  Subregion 


St  at  ion Data Jan.  Feb.  Mar.  Apr.  May  June  July  Aug.  Sept.  Pet.  Nov.  Pec.  .Annual 


Kalispe 1 1 WB  AP 

Av.  Max. 

27.6 

34.2 

40.3 

53.6 

64.6 

70.6 

81.2 

79.0 

69.5 

54. S 

38.8 

32.3 

53.9 

(U) 

Av.  Min. 

12.0 

16.3 

21.1 

31.1 

39.3 

44.8 

48.4 

46.9 

39.4 

31.5 

23.4 

19.0 

31.1 

Mean 

19.8 

24.5 

31.8 

43.7 

52.2 

58.6 

65.7 

63.1 

54.7 

43.9 

31.0 

25.0 

42.8 

Highest 

53 

S3 

64 

83 

89 

96 

104 

96 

94 

79 

64 

51 

104 

1 

Lowest 

-38 

-36 

-29 

10 

19 

28 

33 

31 

23 

16 

-28 

-22 

-38 

Summit  1/ 

Av.  Max. 

23.4 

28.1 

33.8 

45.0 

55.7 

62.2 

73.1 

71.4 

60.9 

49.4 

33.4 

27.9 

47.0 

(23) 

Av.  Min. 

7.2 

10.7 

13.6 

23.3 

30.8 

37.2 

40.3 

38.5 

53.5 

29.2 

18.6 

13.1 

24.7 

Mean 

15.3 

19.4 

23.7 

34.2 

43.3 

49.7 

56.7 

55.0 

47.2 

39.3 

26.0 

20.5 

35.9 

Highest 

48 

56 

62 

74 

78 

88 

93 

96 

91 

82 

61 

57 

96 

Lowest 

-55 

-43 

-42 

-30 

9 

15 

26 

19 

6 

-7 

-42 

-43 

-55 

Poison  WB  AP 

Av.  Max. 

30.3 

34.9 

44.1 

55.4 

64.8 

72.4 

82.2 

80.3 

68.5 

56.4 

41.8 

34.3 

55.5 

(47) 

Av.  Min. 

17.8 

20.4 

26.6 

34.0 

40.5 

47.4 

52.8 

51.3 

43.9 

35.7 

27.6 

22  .9 

35.1 

Mean 

25.1 

27.7 

35.1 

45.1 

53.1 

59.7 

67.4 

65.7 

56.9 

46.3 

54 .6 

29.7 

45.5 

Highest 

58 

65 

72 

84 

90 

98 

104 

100 

93 

82 

67 

62 

104 

Lowest 

-30 

-27 

-10 

-1 

17 

26 

37 

31 

16 

1 

-21 

-22 

-30 

Missoula  WB  AP 

Av.  Max. 

28.8 

36.0 

43.4 

57.0 

65.7 

71.6 

84.5 

82  .0 

71  .9 

57.7 

40.6 

32  .4 

56.0 

(19) 

Av.  Min. 

11.7 

18.2 

23.3 

31,8 

39.6 

45.3 

50.0 

48.6 

41  .2 

32.6 

23.9 

17.2 

32.0 

Mean 

19.2 

25.0 

33 . 7 

44.3 

52.6 

58.5 

67,0 

64.8 

55.4 

44.0 

30.5 

23.5 

43.2 

. 

Highest 

59 

60 

72 

85 

92 

98 

105 

98 

98 

85 

65 

60 

105 

Lowest 

-33 

-22 

-13 

14 

21 

31 

3b 

32 

24 

16 

-23 

-21 

-33 

Butte  FAA  AP 

Av.  Max. 

27.8 

32.7 

39.1 

50.9 

60.7 

67,9 

80.0 

78.0 

67.5 

56.3 

40.3 

32.5 

52.8 

(29) 

Av.  Min. 

1.5 

5.5 

13.7 

25.7 

33.5 

40.1 

45.1 

42.5 

34.8 

2b. 8 

15.0 

7.7 

24.3 

Mean 

15.1 

19.5 

26.3 

38.5 

47.3 

54.3 

62.7 

60.3 

51.2 

41.6 

27.7 

20.1 

38.7 

Highest 

54 

60 

64 

79 

88 

93 

too 

99 

91 

83 

68 

62 

100 

Lowest 

-48 

-52 

-36 

-13 

12 

23 

29 

26 

12 

-19 

-42 

-37 

-52 

Mu 11 an  Pass  CAA 

1/  Av.  Max. 

23.5 

26.7 

30.8 

41.4 

50.8 

56 . 4 

68.7 

67.0 

57.5 

45.1 

30.9 

26.3 

43.8 

(17) 

Av.  Min. 

13.8 

16.5 

18.5 

27.1 

35.0 

40.0 

49.7 

48.4 

41.8 

32.6 

21.8 

17.7 

30.2 

Mean 

18.7 

21.6 

24.7 

34.2 

42.9 

48.2 

59.2 

57.7 

49.6 

38.9 

26.4 

22.0 

37.0 

Highest 

44 

49 

61 

75 

80 

84 

92 

93 

85 

76 

60 

46 

93 

Lowest 

-24 

-20 

-17 

2 

9 

26 

28 

33 

21 

10 

-18 

-14 

-24 

Bonners  Ferrv 

Av.  Max. 

31.0 

37.6 

47.6 

59.7 

68.6 

74.3 

83.8 

81  .8 

72.3 

57.3 

41.7 

34.5 

57.5 

(30) 

Av.  Min. 

16.5 

20.0 

26.3 

33.5 

40.1 

45.9 

59.3 

47.3 

41.7 

34.3 

26.6 

22.3 

33.7 

Mean 

23.8 

28.8 

36.9 

46  .6 

54.4 

60 . 1 

66  .5 

64  .S 

57.0 

45.8 

34 .1 

28.4 

45.6 

Highest 

52 

58 

71 

88 

91 

96 

104 

99 

97 

81 

61 

56 

104 

Lowest 

-29 

-25 

-12 

19 

17 

31 

33 

28 

24 

11 

-13 

-11 

-29 

Spokane  WB  AP 

Av.  Max. 

30.0 

37.3 

45.2 

57.0 

66.5 

73.3 

83.7 

80 .8 

73.0 

57.7 

42.1 

34.3 

56.7 

(13) 

Av.  Min. 

18.1 

23.5 

28.3 

35.3 

43.3 

49.4 

55.4 

54.2 

47.2 

37.5 

28.8 

24.0 

37.1 

.'lean 

25.3 

30.0 

38.1 

47.3 

56.2 

61 .9 

70.5 

68.0 

60.9 

49.1 

35.7 

30.1 

47.8 

Highest 

52 

61 

71 

84 

92 

96 

102 

98 

96 

80 

61 

54 

102 

Lowest 

-24 

-22 

-3 

21 

24 

35 

40 

41 

30 

20 

-11 

-9 

-24 

\j  Period  is  longer  or  shorter  than  the  .SO -year  norma  1 . 


Note:  The  mean  temperature  is  for  the  normal  period  1931-60;  other  data  are  for  the  period  of  record 

through  1960.  Numbers  under  station  names  denote  full  years  of  record  for  all  data. 
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Potential  evapotranspi ration  ranges  from  20  to  25  inches  in 
some  of  the  lower  elevations  in  the  general  Spokane  area.  Actual 
evapotranspiration  reaches  potential  levels  only  in  the  areas 
(mostly  northern  Idaho,  northwestern  Montana)  with  adequate  precip- 
itation and  soil  holding  capacity.  Actual  evapotranspiration  runs 
10  to  12  inches  of  water  in  most  arable  sections,  but  as  much  as 
2 to  4 inches  more  on  some  mountain  slopes  at  the  southeastern  part 
of  the  subregion. 


Storms 


Most  of  the  precipitable  moisture  in  the  air  masses  is 
deposited  on  mountain  ranges  intervening  between  the  subregion  and 
the  ocean.  Because  of  this,  storms  of  high-intensity,  short-duration 
rainfall  usually  occur  over  isolated  minor  areas.  The  principal 
storm  centers  are  the  upper  Spokane  River  Basin  and  the  Flathead 
River  Basin.  In  the  Flathead  at  Columbia  Falls,  3.77  inches  was 
recorded  for  June  7,  1924;  and  in  the  Spokane  the  maximum  24-hour 
precipitation  for  the  December  1933  storm  was  about  5 inches,  with 
a 5-day  total  of  about  8 inches.  The  severe  Flathead  storms  are 
penetrations  of  continental  disturbances  through  the  Rocky  Mountains. 


Humidity 


Humidity  variations  are  similar  over  the  subregion  with  75 
percent  or  higher  values  most  mornings  throughout  the  year.  But 
summer  afternoon  humidity  is  generally  30  percent  or  less;  some- 
times as  low  as  around  10  percent.  Oppressive  combinations  of  heat 
and  humidity  are  seldom  experienced  even  though  cold  season  humidity 
can  remain  quite  high  in  the  valleys  (80-90  percent)  for  periods  of 
days  or  weeks. 
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Sunshine 

Cloudiness  varies  little,  with  a marked  cold  season  maximum 
everywhere,  and  much  clear,  sunny  weather  during  the  warm  season. 
Over  the  mountains  at  the  southeastern  end  of  the  area,  scattered 
thunderstorms  develop  on  40  to  50  summer  afternoons  a year.  The 
result  is  a little  more  summer  afternoon  cloudiness  in  the  Butte- 
Deer  Lodge  area  than  in  northern  Idaho  and  extreme  northeastern 
Washington. 


SURFACE  WATER 


The  rivers  of  the  Clark  Fork-kootenai-Spokane  Subregion  are 
extensively  used,  the  water  supply  is  moderate  and  late  in  the 
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year,  and  the  quality  is  mostly  excellent.  The  upper  Clark  Fork 
River  Basin  lies  in  the  precipitation  shadow  of  the  Bitterroot 
Range  and  is  an  area  of  low  runoff.  The  runoff  is  primarily  from 
spring  snowmelt,  with  varying  amounts  of  rainfall  included.  Flood 
flows  are  highly  regulated,  not  only  by  large  natural  lakes  but 
also  by  Hungry  Horse  Reservoir  on  the  South  Fosk  Flathead  River  and 
power  dams  at  the  lakes  and  elsewhere.  A large  block  of  flood 
control  storage  will  be  provided  by  the  new  Libby  Reservoir  on 
Kootenai  River. 

Water  is  used  for  power  generation  at  the  outlets  of  Flathead, 
Pend  Oreille  and  Coeur  d'Alene  Lakes  and  Hungry  Horse  Reservoir  and 
at  10  other  reservoirs  with  capacity  of  at  least  5,000  acre-feet. 
Also,  power  will  be  generated  at  Libby  Dam. 

The  largest  areas  under  irrigation  are  in  the  Clark  Fork 
above  St.  Regis,  in  the  Flathead,  and  in  the  Spokane  River  Basins. 
There  are  14  reservoirs  in  the  subregion  with  capacities  of  more 
than  5,000  acre-feet  each  that  are  used  primarily  for  irrigation. 

In  addition.  Hungry  Horse  Reservoir  and  Flathead  Lake  serve  irri- 
gation by  regulating  and  maintaining  adequate  downstream  flows. 


Quantity 

Average  discharge  of  streams  originating  in  the  subregion 
totals  about  36,253  cfs  (26.2  million  acre-feet  annually).  This 
averages  1.0  cfs  per  square  mile,  which  is  an  intermediate  rate. 
An  additional  12,305  cfs  flows  into  the  subregion  from  Canada. 


Present  Utilization 


About  7.2  percent  of  the  average  discharge  was  withdrawn  in 
1965  for  consumptive  uses,  but  only  about  2.7  percent  was  actually 
consumed.  About  8 percent  of  the  water  withdrawn  for  consumptive 
uses  (about  2,600  cfs)  is  for  municipal  supplies  (157  cfs  domestic 
and  46  cfs  industrial).  This  is  the  second  largest  user;  the 
largest  user  is  irrigation  (2,200  cfs).  Irrigation  is  also  the 
largest  consumer,  884  cfs  of  the  total  of  968  cfs  consumed  in  the 
subregion.  Very  little  steam  power  is  generated  in  the  subregion 
and  then  mainly  during  the  winter  months.  A large  quantity  of 
water  is  used  to  generate  hydroelectric  power.  Recreation  is 
popular,  and  all  waters  are  being  used  for  fish  and  wildlife. 

Sport  fishing  is  nationally  famous.  Pollution  is  a problem  only 
in  the  upper  Clark  Fork  River  and  on  South  Fork  Coeur  d'Alene  River, 
due  to  mining  operations. 


130 


Competition  for  water  among  the  various  users  necessitates 
efficient  stream  management.  Storage  and  release,  diversions,  con- 
servation, legal  constraints,  etc.,  all  are  a part  of  the  water- 
management  system. 

Impoundments  Reservoirs  having  a total  capacity  of  5,000 
acre-feet  or  more  are  listed  in  table  19.  Libby  Dam,  now  under 
construction,  will  form  the  largest  reservoir  in  the  subregion; 
however.  Hungry  Horse  Reservoir  on  the  South  Fork  Flathead  River 
is  the  largest  existing  impoundment.  Flathead  and  Pend  Oreille 
Lakes  have  over  a million  acre-feet  of  active  storage  capacity 
apiece.  The  table  lists  32  reservoirs,  12  designed  to  serve  two 
purposes  and  three  designed  to  serve  four  or  five  purposes. 

Releases  from  flood  control  and  power  reservoirs  where  snow- 
melt is  the  primary  cause  of  runoff  generally  follow  a pattern  of 
withdrawal  during  the  fall  and  winter  and  refill  during  the  spring. 
The  reservoirs  are  full  for  1 to  5 months  beginning  with  June  or 
July. 

The  impoundments  have  variable  short-term  effects  on  river 
discharge.  The  changes  in  discharge  due  to  power  loads  are  abrupt, 
and,  on  weekends  when  less  power  is  required,  flows  may  be  low. 
Municipal  water  is  supplied  during  the  summer,  principally  to 
satisfy  lawn-watering  and  air-conditioning  needs.  Irrigation  water 
is  supplied  at  a fairly  constant  rate  from  April  through  September. 

On  the  other  hand,  recreation  use  requires  that  the  water  be 
retained  in  the  reservoirs  as  long  as  possible  during  the  summer. 

Diversions  Most  of  the  diversions  in  the  Clark  Fork-Kootenai- 
Spokane  Subregion  are  for  irrigation.  Other  diversions  are  made  for 
municipal,  industrial,  and  drainage  uses.  Although  there  are  many 
diversions,  the  quantity  of  water  involved  is  small.  The  largest 
diversions  are  in  the  Flathead  and  Spokane  river  basins. 

Channel  Modification  Channel  modification  and  diking  have 
been  performed  in  many  reaches  such  as  on  the  Kootenai  River  in 
the  vicinity  of  Bonners  Ferry  and  the  upper  Flathead  River.  In 
addition,  some  stream  improvement  work  has  been  accomplished  on 
many  of  the  smaller  tributaries. 

Forecasting  Forecasting  is  used  in  flood  control  operations 
of  reservoirs,  flood  warning,  and  to  provide  a maximum  of  stored 
water  for  power  generation,  municipal  use,  and  irrigation,  consist- 
ent with  assured  refill  of  the  reservoirs.  The  U.S.D.C.  Weather 
Bureau  is  officially  responsible  for  providing  a flood-warning 
service  to  the  general  public  at  times  of  major  flooding. 
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Tab  le 

19  - 

Reservoirs  Having  a Total 

Capacity  of  S.OOn 

Ac  re -feet  or  More, 

Subregion  1 

Name 

Stream 

Total 
Storage 
( acre- feet J 

Active 
storage 
! ac  re  - feet  j 

Surface 
Area 
(acres  j 

1/ 

Purpose** 

Ashley  Lake 

Ashlev  Cr. 

20,000 

20,000 

3,000 

I 

Boundary 

Pend  Orel  lie  R . 

94,600 

43,000 

MP 

Box  Canyon 

Pend  Orel  lie  R . 

6,900 

- 

- 

P 

Cabinet  Gorge 

Clark  Fork  R. 

1 12,000 

42,800 

3,230 

P 

Calispell  Lake 

Calispell  Cr . 

10,000 

- 

P 

Coeur  d’Alene  Lake 

Spokane  R. 

238,500 

225,000 

32,000 

P 

Como  Lake 

Rock  Cr . 

36,690 

34,800 

940 

I 

E.  F.  Rock  Creek 

E.  F.  Rock  Cr. 

- 

16,000 

440 

I 

Flathead  Lake 

Flathead  R. 

1 ,791 ,000 

1 ,219  ,000 

126,000 

FI  PR 

Georgetown  Lake 

Flint  Cr. 

31 ,040 

31 ,000 

3 ,000 

PK 

Hubbart 

L.  Bitterroot  R. 

12,100 

12,100 

460 

IP 

Hungrv  Horse 

S.  F.  Flathead  R. 

3,468,000 

2 ,982  ,000 

23,800 

FIPRN 

Kicking  Horse 

Crow  Cr. 

- 

8.400 

785 

1 

L.  Bitterroot  Lake 

L.  Bitterroot  R. 

26,000 

26,000 

2 ,900 

1 

Lake  Spokane  (Long 

Lake) 

Spokane  R. 

252,800 

104,200 

5 ,000 

P 

Libby 

Kootenai  R. 

5,850,000 

4 .965,000 

46 , 500 

FPR 

Lower  Crow 

Crow  Cr . 

- 

10,350 

34  0 

I 

Lower  Jocko  Lake 

M.  F.  Jocko  R. 

7,580 

6 ,400 

1 16 

1R 

Lower  Willow  Creek 

Willow  Cr . 

5,100 

- 

- 

i 

McDonald 

Post  Cr. 

10,600 

8,200 

200 

I 

Mission 

Mission  Cr. 

_ 

7,250 

290 

i 

Nevada  Creek 

Nevada  Cr. 

- 

12, M0 

375 

I 

Ninepipe 

Flathead  R. 

14,870 

14  ,°^ 

1 .600 

Cl 

Noxon  Rapids 

Clark  Fork 

495 ,600 

334  ,600 

7 ,900 

P 

Pablo 

Flathead  R. 

29,600 

27,100 

2 ,040 

I 

Pend  Orei lie  Lake 

Pend  Orei 1 le  R . 

1,561 ,300 

1.155,100 

94  ,600 

CFN’PP 

Priest  Lake 

Priest  R. 

215,000 

72,400 

23,400 

PR 

Sullivan  Lake 

Harvey  Cr. 

- 

31 ,000 

1 ,290 

P 

Tabor 

Dry  Cr. 

- 

23,300 

285 

I 

Thompson  Falls 

Clark  Fork 

69 ,400 

1 4 ,9”0 

1 ,450 

P 

Painted  Rocks  Lake 

W.  F.  Bitterroot  R. 

32,360 

31,700 

655 

R 

1/  C-fish  & wildlife  conservation,  F-flood  control.  I - i rrigation , M-municipal,  N -navi  gat i on  . 


P-power,  R-recreat ion . W- industri al . 
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Forecasts  of  seasonal  quantities  of  water  available  for 
storage  are  made  using  snow-survey  data,  precipitation  data,  data 
on  antecedent  conditions,  and  other  parameters.  The  information 
is  processed  by  digital  computer  and  updated  each  month  as  new 
data  are  obtained. 


Water  Rights 

Montana  A water  right  in  Montana  is  a right  by  appropria- 
tion and  is  limited  to  the  beneficial  use  of  water.  Right  by 
appropriation  was  enacted  by  the  prevailing  law  of  a mining  economy 
and  was  patterned  after  rules  applied  to  mining  claims  - first  in 
time  is  first  in  right.  The  earliest  water  right  in  Montana  was 
recorded  in  1852,  an  appropriation  in  Ravalli  County  from  Burnt 
Fork  Creek,  a tributary  of  the  Bitterroot  River. 

Water  users  are  not  required  to  file  official  records  of 
the  completions  of  their  appropriations,  so  the  actual  amount  of 
use  may  be  different  from  the  amount  appropriated ; on  unadjudicated 
streams,  appropriations  almost  always  are  greater  than  amounts 
actually  used  and  distribution  of  water  is  neither  regulated  nor 
supervised. 

Water  can  be  appropriated  for  the  beneficial  use  of  people 
and  municipalities,  agriculture,  industry,  power  generation, 
recreation,  and  the  rehabilitation  of  forest  areas.  The  amount 
of  water  appropriated  for  irrigation  is  considerably  more  than  the 
combined  total  amount  appropriated  for  all  other  categories. 

In  order  to  "appropriate,  conserve,  store,  distribute,  and 
utilize  the  water  resources  of  the  State  of  Montana,"  the  State 
Water  Conservation  Board  (now  the  Water  Resources  Board)  was 
created  in  1933  and  empowered  to  initiate  and  construct  projects 
for  impounding  and  conserving  water  including  but  not  restricted  to 
"flood,  waste,  and  surplus  water." 

Water  appropriations  of  record  in  the  Kootenai  Basin  total 
approximately  150,000  cfs.  Only  one-quarter  of  this  is  attributed 
to  non- irrigation  appropriations.  Most  of  the  irrigated  land  is 
concentrated  in  the  northeastern  part  of  Lincoln  County,  where 
lake  storage  is  used  to  augment  streamflow.  At  present,  there 
appears  to  be  adequate  water  for  irrigation  but  as  new  irrigable 
land  is  put  into  production,  shortages  will  develop. 


The  total  appropriations  in  the  Clark  Fork  Basin  are  approxi- 
mately 3,100,000  cfs  which  far  exceed  the  available  flow.  Three- 
fourths  of  this  is  appropriated  from  the  Flathead  River  subbasin 
in  Lake  County.  Ninety-six  percent  of  the  appropriations  in  Lake 
County  are  from  the  lower  Flathead  River  below  Flathead  Lake.  The 
natural  flow  of  the  river  is  regulated  by  lake  and  reservoir  stor- 
age. The  major  appropriator  in  Lake  County  is  the  United  States 
of  America  with  multiple  duplicate  filings  to  irrigate  some 
100,000  acres  of  the  Flathead  Irrigation  Project. 

Appropriations  in  the  Clark  Fork  subbasin  total  approxi- 
mately 775,000  cfs.  This  includes  appropriations  of  record  from 
the  drainages  of  the  Upper  Clark  Fork,  the  Blackfoot,  and  the 
Bitterroot  Rivers.  At  the  height  of  the  irrigation  season,  acute 
water  shortages  occur  in  the  Bitterroot  Valley  in  Ravalli  County 
and  in  the  Upper  Clark  Fork  Valley  in  Deer  Lodge  and  Powell 
Counties . 

The  valley  of  the  Bitterroot  and  its  tributaries  is  the 
only  drainage  basin  in  Ravalli  County.  Including  the  West  Fork, 
the  Bitterroot  runs  south-to-north  the  full  length  of  the  County. 
There  are  104,000  acres  of  land  in  the  County  which  depend  on  water 
of  the  Bitterroot  and  tributaries  for  irrigation.  Tributaries 
flow  out  of  the  mountains  into  the  Bitterroot,  but  the  path  of  flow 
is  short  and  topographic  relief  is  sharp.  Hence,  dams  on  these 
tributaries  impound  relatively  small  reservoirs.  A few  lakes  in 
the  Bitterroot  Mountains  augment  storage,  but  classification  of 
the  Selway-Bitterroot  Wilderness  in  1963  prevents  further  develop- 
ment in  most  of  this  area. 

The  Upper  Clark  Fork  flows  through  one  of  the  more  popu- 
lated parts  of  Montana,  from  the  vicinity  of  the  city  of  Butte, 
past  Anaconda  to  Deer  Lodge,  a distance  of  less  than  50  miles. 
Outside  of  the  metropolitan  areas  are  76,000  acres  in  Deer  Lodge 
and  Powell  Counties  requiring  water  for  irrigation.  Industry, 
too,  requires,  a substantial  amount  of  surface  water.  The  major 
seasonal  shortage  occurs  in  the  valley  between  the  cities  of 
Anaconda  and  Deer  Lodge. 

Much  adjudication  has  taken  place  in  Montana's  portion  of 
the  Columbia  Basin.  However,  the  total  amount  of  water  used  can 
only  be  estimated.  Non-irrigation  categories  probably  consume 
less  than  100,000  acre-feet  (137  cfs)  of  water  annually,  although 
appropriations  are  much  greater.  Appropriations  of  record  for 
power  generation  at  present  total  approximately  83,500  cfs. 
Industrial  appropriations  for  mining  and  milling  and  for  paper 
and  pulp  manufacturing  are  significant.  Shortages  occur  during 
the  irrigation  season  because  storage  facilities  are  not  adequate. 


Idaho  Only  in  a few  cases  have  the  rights  to  the  use  of 
water  from  the  Columbia  River  tributaries  in  northern  Idaho  been 
determined  by  court  action.  These  are  mainly  for  mining  and  manu- 
facturing purposes  with  small  amounts  for  other  purposes.  Permits 
have  been  issued  for  many  uses  including  power  and  for  irrigation 
of  small  areas,  particularly  on  the  Rathdrum  Prairie.  In  addition 
to  these,  licenses  are  held  by  the  Governor  to  preserve  Priest, 
Coeur  d'Alene,  and  Pend  Oreille  Lakes  for  use  by  the  public.  The 
constitutionality  of  such  appropriation  has  not  been  demonstrated. 

There  is  unappropriated  water  on  most  streams  in  northern 
Idaho.  The  exceptions  to  this  are  the  smaller  streams  and  lakes 
where  there  are  presently  extensive  uses  for  mining  or  industrial 
purposes.  Future  development  will  likely  increase  the  conflicts 
between  groups  using  water  for  some  consumptive  use  and  those  wish- 
ing to  preserve  the  lakes  and  streams  for  their  recreation  value. 
Such  conflicts  already  exist  in  several  locations  in  this  part  of 
Idaho. 


Washington  In  that  part  of  the  Clark  Fork-Kootenai-Spokane 
Subregion  located  in  the  State  of  Washington,  essentially  Water 
Resource  Inventory  Areas  54  through  57  and  62  (figure  27),  a total 
of  589  active  surface  water  right  appropriation  records,  in  permit 
and  certificate  stages,  were  on  file  with  the  Department  of  Water 
Resources  on  April  30,  1967.  Prime  rights  in  this  area  allow  summer 
period  diversions  totaling  70,182.59  cfs  of  which  consumptive 
diversions  amount  to  290.37  cfs,  partially  consumptive  diversions 
are  permitted  for  29,987.85  cfs,  and  nonconsumptive  diversions  total 
39,904.37  cfs.  Under  supplemental  rights  a total  of  11.36  cfs  has 
been  appropriated. 


Figure  27  Map  shoeing  water  resource  inventory 
areas  defined  by  the  State  of  Washington 
Department  of  Water  Resources. 
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Adjudic.ut.xon  decrees  in  this  portion  of  the  subregion  pro- 
vide for  a total  of  39  rights  with  prime  right  diversion  quantities 
amounting  to  2.69  cfs;  2.49  cfs  being  consumptive  and  0.20  cfs  be- 
ing nonconsumptive  to  the  resource.  Supplemental  adjudicated 
rights  have  been  granted  for  a total  of  0.40  cfs. 

Reservoir  storage  rights  perfected  under  the  appropriative 
system  provide  for  the  annual  retention  of  137,545  acre-feet  of 
water  in  the  State  of  Washington  segment  of  this  subregion. 

Prime  water  right  quantities  for  the  more  important  use 
categories  and  total  actual  surface  water  right  quantities  are 
listed  in  table  20  according  to  Water  Resource  Inventory  Areas  as 
defined  by  the  State  of  Washington,  Department  of  Water  Resources. 
More  detailed  information  about  specific  rights  can  be  obtained 
from  the  Department  of  Water  Resources. 


Table  20  - Surface  Water  Rights  in  the  Clark  Fork  Kootenai -Spokane  Subregion,  196’’ 


Appropn  at  i ve  Rights 


Bas i n- 

No.  Ri\er  B .»•  jm 

Mun i i ipa I 

I r r i 
gat  ion 

Indi  y 
f,  Comm 

Pomestic 

Indus 

& 

Comm 

Fish 

Propagat i on 

Stock 

Total-^ 

Reservoi  r 
Storage  Rights 
ip  Acre  Feet 

54  Lower  Spokane 

15  89 

0.39 

10.10 

0 16 

2.522.19I/ 

55  Little  Spok  ane 

4*1 .05 

5.11 

20.05 

44  . 16 

2 . 36 

115.39 

2 ,Q',2 

56  Hangman  ( reek 

0 12 

1 49 

0.26 

17.69 
3 , 054. 77 

57  Middle  Spokane 

to  It 

0.30 

44.00 

0.40 

0.05 

74-  , 

62  Pend  Oreille 

1.67 

93.86 

85.92 

25.40 

8.10 

4.72 

64 , 667 . 55- 

134,499- 

Appropriative  Toi 

1 .6*' 

184.84 

9i  84 

89  45 

64.25 

7.SS 

70,182.59 

137,545 

Adjudicated  Rights 

55  Little  Spokane 

1.20!' 

1 .22- 

0.20 

1.42 

.. 

5b  Hangman  l reek 

0 21 

0 01 

0.21 

-- 

62  Pend  Oreille 

1 00 

0 46 

0 40 

0.06 

1.06 

1 

— 

i 

— 

— 

— 

— 

Adjudicated  Totals 

2 41 

1 .69 

- 

0.60 

1 28 

2.69 

Combined  Totals 

( Appro p f,  Adjud. ) 

1.67 

187. 2S 

93.53 

89.45 

64 .85 

8.83 

70.185  28 

137. S4S 

[ Water  Resource  Inventory  Area  number  as  shown  in  figure  2 ~ 

Total  prime  right  quantities  do  not  agree  with  the  sum  of  the  use**  because  ill  only  the  more  important  use 


categories  are  listed  and  l2i  water  right  quantities  that  are  common  to  two  or  more  uses  are  listed  under 
each  applicable  use  category 

3/  Includes  2,300.0(1  cfs  for  hvdroe  lect  ri  c power  generation 

4 Nearlv  all  the  quantities  for  irrigation,  individual  6 community  domestic  supply  f,  stock  are  common. 

V'  Includes  3,000.00  cfs  for  hydroelectric  power  generation, 
b Includes  M, 501.00  cfs  for  hydroelectric  power  generation 

" ' Includes  29,704  acre  feet  for  Box  Canyon  Pool  and  ‘>4,500  acre -feet  for  Boundary  Pool 


I 


Discharge 


The  base  period  selected  for  the  Columbia-North  Pacific  Region 
study  is  the  30-year  interval  1929-58.  A typical  Subregion  1 stream, 
Kootenai  River  at  Libby,  Montana,  shows  a base-period  mean  discharge 
equal  to  98  percent  of  its  long-term  mean  (55  years,  1911-1965). 
Weather  records  show  that  precipitation  near  Libby  during  the  base 
period  was  94  percent  of  the  long-term  mean  (70  years,  1896-1965.) 
Thus,  the  selected  base  period  provides  reasonably  average  data  for 
statistical  analysis. 
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fable  21  - Streamflow  Summary  for  Selected  Sites,  Subregion  1 


Stream 

St  at  ion 

St  at  ion 
Number 

Cage 

Datum 

(ft.) 

Drain- 
age 
Area 
( sq .mi  . ) 

Period 

of 

Record 

Mean 

\J 

Annual  1 lows 
(cfs) 

Max.  Min. 

Moment o 
Flow  (c 
Max 

iry 
rfs  1 
Min 

Kootenay  River 

Newgate,  B. 

C. 

3000 

2,310.23 

7,660 

31-65 

9,993 

14,222 

6 ,079 

98,200 

994 

Kootenai  River 

l.ibhy 

3030 

2 .041  .54 

10,240 

10-65 

11,473 

16.134 

',978 

121 ,000 

895 

Kootenai  River 

Leon i a 

3050 

1,700.25 

11,740 

28-65 

13,277 

18,950 

9,1-4 

123,000 

996 

Movie  River 

F.i  leen 

3075 

2,124.50 

755 

26-65 

854 

1 ,322 

323 

1 1 ,000 

40 

Kootenai  River 

Forth  i 1 1 

3220 

1,700  .00 

13,700 

28-65 

15,328 

22,143 

9,921 

125,000 

l ,380 

Blackfoot  River 

Bonner 

3400 

3 ,344 .76 

2,290 

40-65 

1 ,479 

2,207 

555 

19,200 

200 

Clark  Fork 

Missoula 

3405 

3,230.00 

5,999 

29-65 

2,761 

4,708 

1 ,335 

3 1 , 700 

115 

Clark  Fork 

Missoula 

3530 

3,090.00 

9,003 

29-65 

5,066 

8,350 

2,565 

52,800 

388 

Flathead  River 

Flathead,  B 

.C. 

3550 

3,970.00 

450 

30-65 

863 

1 ,297 

419 

16,300 

65 

Flathead  River 

Columbia  Falls 

3555 

3,145.59 

1 .548 

29-65 

2,894 

4,146 

1 .383 

69 ,100 

198 

S.F.  Flathead  River 

Columbia  Fa 

11s 

3625 

3,040.00 

1 ,663 

28-65 

3 , 342 

4 ,579 

1 ,551 

46  ,200 

7.3 

Flathead  River 

Columbia  Falls 

3630 

2,977.67 

4 ,464 

28-65 

9,552 

14,104 

5,788 

1 7b  ,000 

798 

Flathead  River 

Poison 

3720 

2,693.70 

7,096 

07-65 

10,906 

15.744 

6,366 

82,800 

5 

Clark  Fork 

Plains 

3890 

2,449.34 

19,958 

10-65 

18,328 

26,253 

9 ,954 

134 ,000 

3,200 

Clark  Fork 

Wh itehorse 

Rapids 

3920 

2,060.00 

22  ,067 

28-65 

20,889 

30 ,086 

11,266 

153,000 

270 

Pend  Orel  lie  River 

Newport 

3955 

2 ,000.00 

24.200  03 

-41.52- 

65  24  .457 

35.269 

14,408 

136  .000 

1 .280 

Pend  Oreille  River 

2 Canyon 

3985 

1 ,721.18 

25,200 

12-64 

25  j 839 

37  ,624 

14.861 

1 - 1 . .300 

2,500 

Coeur  d'Alene  River 

Cataldo 

4135 

2, 100.00 

1 , 200 

20-65 

2,471 

3.862 

1 .043 

67,000 

122 

Spokane  River 

Spok ane 

4225 

1 ,b96 .60 

4,290 

91-65 

6 ,485 

10,353 

2,970 

49  ,000 

95 

1/  Regulated  values 
2/  Maximum  and  mini 

for  base  pe 
mum  observed 

riod  (1929-1958) 
instantaneous  v 

wi  th  est i 
■alues  for 

imated  1970 
period  of 

condi  t 
record . 

lions  of  de> 

>'  e Jopment 

Measurement  Facilities  Measurement  facilities  comprise 
primarily  the  gaging  stations  and  their  characteristics  where  the 
measurements  are  made.  Table  21  summarizes  pertinent  streamflow 
data  for  the  19  sites  selected  for  detailed  study  in  Subregion  1. 

Figure  29  shows  the  locations  of  the  selected  sites,  with 
U.S.D.I.  Geological  Survey  identification  numbers.  The  first  two 
digits  of  the  identification  number,  part  number  (12),  have  been 
omitted  because  Subregion  1 lies  wholly  within  the  area  designated 
as  Part  12,  Pacific  slope  basins  in  Washington  and  upper  Columbia 
River  Basin. 


Average  Discharge  for  Subregion  1 Figure  28  presents  monthly 
discharge  data  for  the  subregion  as  a whole.  The  discharge  is  the 
sum  of  inflows  from  Canada  and  flows  generated  within  the  subregion. 
It  gradually  reaches  a maximum  in  May  and  June  from  spring  snowmelt 
and  recedes  to  a minimum  in  September.  The  within-area  generated 
flows  are  also  shown  in  table  22.  Isopleths  showing  mean  annual 
runoff  for  the  period  1931-60  are  shown  on  figure  29. 


Average  Discharge  for  Selected  Stations  In  this  section  of 
the  report,  detailed  data  are  presented  for  each  of  the  selected 
sites  listed  in  table  21.  (tables  23  to  41) 


The  monthly  discharges  presented  for  the 
Moyie  at  Fileen,  Flathead  at  Flathead,  Flathead 
and  Coeur  d'Alene  near  Cataldo  arc  available  in 
Water-Supply  Papers  1316  and  1736,  compilations 
records  in  Part  12.  For  the  remaining  stations 


four  river  stations 
near  Columbia  Falls, 
Geological  Survey 
of  surface-water 
an  assumed  plan  of 
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FIGURE  29 


Table  22  - Modified  Discharge  In  Clark  For k-Kootenal-Spokane  Subregion,  1929-58 
(Mean  Discharge,  in  cfs) 

Uct . Nov.  Dec . Jan . Feb . Mar . Apr . May  June  July  Aug . Sept . Mean 

Max lmum 


Total 

48,380 

49,785 

74,818 

81,027 

94,733 

122,738 

125,606 

167,592 

163,425 

90,130 

34,823 

28,828 

90,157 

Canada 

12,008 

5,596 

7,164 

6,292 

4,934 

5,863 

26,276 

56,601 

60,454 

41,601 

12,668 

4,835 

20,358 

Subregion 

36,372 

44,189 

67,654 

74,735 

89,799 

116,875 

99,330 

110,991 

102,971 

48,529 

22,155 

23,993 

69,799 

20  Percent 

Total 

37,052 

44,245 

47,842 

46,  346 

58,154 

66,494 

83,388 

125,801 

120,004 

62,851 

25,281 

22,912 

61,698 

Canada 

5,749 

6,048 

3,905 

3,342 

3,323 

3,305 

9,997 

38,070 

56,852 

31,296 

10.171 

7,580 

14,970 

Subregion 

31,303 

38,197 

43.937 

43,004 

54.831 

63,189 

73,391 

87,731 

63,152 

31,555 

15,110 

15,332 

46,728 

Mean 

Total 

32,859 

40,842 

44,864 

39,219 

45,574 

48,746 

67,478 

99,825 

81,717 

42,462 

19,745 

19,367 

48,558 

Canada 

5,993 

4,930 

3,794 

3,126 

3,034 

3,  381 

10,922 

36,283 

40,266 

20,624 

8,843 

6,463 

12,305 

Subregion 

26,8*6 

35,912 

41,070 

36,093 

42,540 

45,365 

56,556 

63,542 

41,451 

21,838 

10,902 

12,904 

36,253 

80  Percent 

Total 

28,88  '• 

36,997 

40,392 

31,682 

30,070 

33,401 

46,239 

70,381 

47,699 

25,176 

15,573 

15,619 

35,176 

Canada 

4,763 

3,300 

2.837 

1,914 

2,681 

3,561 

5,670 

28,269 

30,134 

14,214 

7.733 

5,218 

9,191 

Subregion 

24,122 

33,697 

37,555 

29,768 

27,389 

29,840 

40,569 

42,112 

17,565 

10,962 

7,840 

10,401 

25.985 

Minimum 

Total 

23,146 

35,698 

34,214 

2b, 291 

21,697 

22,559 

29,780 

38,775 

19,144 

16,978 

10,545 

13,941 

24,398 

Canada 

4,919 

5,052 

2,620 

2,614 

2,224 

2,324 

8,354 

21,601 

19,144 

11,416 

7,250 

5,902 

7,785 

Subregion 

18,227 

30,646 

31,594 

23,679 

19,473 

20,235 

21,426 

17,174 

5,562 

3,295 

8,039 

16,613 

Note:  1.  Subregion  discharge  is  that  which  originates  in  the  subregion. 

2.  Twenty  percent  and  80  percent  represent  the  discharge  available  20  anc  80  percent  of  the  tin* 


reservoir  regulation  has  provided  adjusted  flows  through  a computer 
program.  Records  for  several  of  the  sites  have  been  extended  by 
correlation  with  nearby  stations.  Since  these  remaining  sites 
required  changes  in  their  recorded  flows,  the  values  shown  in  the 
tables  have  been  termed  modified  mean  discharge;  the  values  for 
the  four  tables  26,  31,  32,  and  40  have  been  termed  observed  mean 
discharge . 

Ilydrographs  for  several  conditions  of  flow  at  the  selected 
sites  are  shown  on  figures  30  to  48.  It  should  be  noted  that  the 
supply  of  water  indicated  by  these  monthly  discharge  hydrographs 

is  not  necessarily  available  for  development,  even  though  it  j 

already  reflects  depletions  and  storage  regulation.  Water  may  have 

been  committed  to  downstream  use  such  as  irrigation.  Explanations 

of  the  hydrographs  and  the  succeeding  graphs  are  in  the  regional 

summary.  It  will  be  noted  that  the  peaks  occur  in  May  or  June  for 

the  upper  Kootenai  and  Clark  Fork  Rivers,  but  in  February  and  March 

in  the  lower  Kootenai.  The  South  Fork  Flathead  River  peaks  in 

April,  while  the  Spokane  River  has  two  peaks,  December-January  and 

April-May.  The  Kootenai  River  has  the  relatively  highest  base  flow, 

although  its  tributary,  the  Moyie  River,  has  a very  low  base  flow. 

Frequency  curves  of  annual  high  and  low  discharges  are 
shown  on  figures  49  to  67.  The  slopes  of  the  curves  from  one 
stream  to  another  are  fairly  uniform,  with  high  flows  being  greatest 
for  the  Clark  Fork  River  but  least  for  the  Flathead  River;  and  with 
low  flows  being  greatest  for  the  Flathead  and  Moyie  Rivers  but  least 
for  the  Spokane  and  upper  Kootenai  Rivers.  The  spread  of  the  curves 
from  1-month  to  12-month  flows  is  quite  variable.  The  greatest 
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spread  for  high  flows  is  shown  for  the  Moyie  and  Coeur  d'Alene 
Rivers,  being  low  for  the  Kootenai  River.  For  low  flows  the 
spread  is  greatest  for  the  Moyie,  Coeur  d'Alene,  and  South  Fork 
Flathead  Rivers  and  least  for  the  Kootenai  and  Clark  Fork  Rivers. 

Duration  curves  for  three  flood  conditions,  daily,  monthly, 
and  annual,  are  presented  in  figures  68  to  86.  The  monthly  and 
annual  discharges  used  are  those  of  tables  23  to  41,  but  the  daily 
flows  are  observed  for  the  period  of  record  wherever  they  are 
provided  in  the  Geological  Survey  daily  summaries.  The  Spokane 
River  has  the  greatest  slope  of  annual  duration  curve,  and  the 
Moyie  and  Flathead  Rivers  have  the  greatest  departure  of  monthly 
from  annual  curve. 

Frequency  curves  of  annual  peak  flows  are  shown  in  figures 
87  to  105.  Curves  for  both  regulated  and  unregulated  conditions 
are  presented  where  flows  are  modified  by  reservoirs;  this 
includes  six  stations  on  the  Flathead  and  Clark  Fork  Rivers 
affected  by  Hungry  Horse  Reservoir.  The  curves  with  greatest 
slope  are  for  the  Coeur  d'Alene  and  upper  Clark  Fork  Rivers.  All 
curves  exhibit  negative  skew,  or  upward  convexity,  which  is  char- 
acteristic of  these  snowmelt  streams. 

Dependable  yields  of  the  streams  in  the  subregion  are  given 
in  tables  42  to  60.  Each  table  shows  the  lowest  mean  flows  for 
from  1 to  10  consecutive  years  in  the  30-year  base  period  and 
their  relationship  to  the  30-year  mean.  The  difference  between 
any  two  flows  is  a measure  of  the  additional  reservoir  storage 
capacity  required  to  make  the  higher  flow  available;  the  Coeur 
d'Alene,  Moyie,  and  upper  Clark  Fork  Rivers  would  require  relative- 
ly more  storage.  The  Blackfoot  River  near  Bonner,  Montana,  has  a 
minimum-year  flow  of  only  37  percent  of  the  30-year  mean  (table 
47).  On  the  other  hand,  the  minimum-year  flow  of  Kootenai  River 
at  Libby  is  70  percent  of  the  30-year  mean  (table  43) . The  aver- 
age minimum-year  discharge  for  all  streams  is  about  S3  percent  of 
the  mean. 


Variations  in  Discharge  Long-term  variations  in  discharge 
and  precipitation  are  presented  for  three  streams  in  figures  106, 
107,  and  108.  The  annual  means  for  the  base  period  and  for  the 
entire  period  of  record  are  shown.  Although  the  annual  precipita- 
tion for  a single  year  varied  from  the  mean  bv  as  much  as  66  per- 
cent, the  5-year  moving  average  varied  from  the  mean  by  no  more 
than  37  percent. 

The  5-year  moving  averages  are  presented  in  order  to  indi- 
cate trends  more  clearly.  Although  records  are  shorter  for  this 
subregion,  the  same  general  trend  is  revealed  as  for  the  other 
subregions;  namely,  a general  decline  in  precipitation  from  as 
far  back  at  least  as  the  beginning  of  the  century  to  1945,  with 
recovery  since  them. 
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As  indicated  in  the  discussions  on  frequency  and  duration 
curves,  the  variation  in  annual  flows  at  selected  sites  during  the 
30-year  base  period  is  fairly  uniform  from  stream  to  stream.  The 
higher  slopes  for  the  Clark  Fork  River  indicate  the  greater  annual 
variability  for  this  river,  as  well  as  for  the  Moyie  River.  The 
maximum  annual  discharge  is  generally  about  2.9  times  the  minimum 
annual  discharge,  ranging  from  2.0  for  the  Kootenai  River  to  4 . 1 
for  the  Moyie  River  and  3.9  for  the  Upper  Clark  Fork.  The  great- 
est annual  peak  variability  is  exhibited  by  the  upper  Clark  Fork 
and  the  Coeur  d'Alene  Rivers. 

Seasonal  variations  in  runoff  are  clearly  shown  in  the 
hydrographs  of  figures  30  to  48.  The  usual  short  period  of  high 
runoff  for  the  snowmelt  period  is  lengthened  greatly  by  the  addi- 
tion of  an  early  rain-runoff  period  in  the  Spokane  and  lower 
Kootenai  Rivers;  this  is  reflected  in  the  shape  of  the  duration 
curves . 


The  wide  spread  in  both  the  high-  and  low-flow  frequency 
curves  for  the  Moyie  and  Coeur  d'Alene  Rivers  indicates  great 
variation  from  monthly  to  annual  mean  discharge;  this  is  confirmed 
by  the  departure  of  the  monthly  from  annual  duration  curve  for 
these  streams.  The  low  runoff  occurs  in  August  and  September  for 
all  streams  in  the  subregion,  and  is  extended  for  a period  as  long 
as  7 months  for  some  high-elevation  streams  such  as  the  Flathead 
River  at  Flathead,  B.  C.  Streams  with  deep  snowpacks,  such  as  the 
Kootenai  River,  have  the  smallest  variations  in  seasonal  flows. 


Streamflow  Travel  Time  No  time-of-travel  studies  have  been 
made  in  Subregion  1.  However,  some  approximate  flood  wave  travel 
times  in  minutes  per  mile  have  been  determined  from  flood  routing 
studies  as  follows: 


From 


To 


High  llow  Rate 


Libby  Dam 
Hungry  Horse  Dam 
Pend  Oreille  Lake 


Mouth  Kootenai  River 
Pend  Oreille  Lake 
Mouth  Pend  Oreille  River 


6 

9 

11 


To  these  times  must  be  added  the  time  of  passage  through  the 
lakes  when  they  are  under  free-flow  conditions:  about  9 days  for 
Kootenay,  9 days  for  Flathead,  6 days  for  Pend  Oreille,  and  S days 
for  Coeur  d'Alene  Lake. 


River  Profiles  Representative  river  profiles  are 
presented  on  figures  109  through  111.  The  profiles  were  prepared 
using  topographic  maps  and  the  River  Mile  Index  reports  prepared 
by  the  Columbia  Basin  Inter-Agency  Committee. 

(Narrative  continued  on  page  190) 
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Table  27  - Modified  Mean  Discharge  in  c.f.s.,  Kootenai  River  at  Porthill,  Idaho 
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Table  31  - Observed  Mean  Discharge  in  c.f.s.,  Flathead  River  at  Flathead,  British  Columbia 
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Modified  Mean  Discharge  in  c.f.s.,  Spokane 


Annuo)  Meon  Dischorge,  f s 
Maximum  months  2,92 

Maximum  year  2. Pi,  ' 

20  percent  of  time  2.  -4 
Me  on  months  4 79 

80  percent  of  time  975 
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MEAN  DISCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND  j MEAN  Dl  SCHARGE,  THOUSAND  CUBIC  FEET  PER  SECOND 


Period  1929  - 1958  MeQ"  O.scho„e,  c f s 
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— i.  1 - 20  percent  of  time 
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i 38  Monthly  discharge, Flotheod  River  at  Flathead, B C 


39  Monthly  discharge,  Flathead  River  near  Columbia 
Falls,  Montana 


Annual  Mean  Discharge,  cfs 
Maximum  months  8,758 


Period  1929-1958 
'1970  Conditions 
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Figure  40 


Monthly  discharge,  S F Flotheod  River  near 
Columbia  Falls,  Montano 


Figure  41 


Monthly  discharge,  Flathead  River  at  Columbia  Fails, 
Montana 


MEAN  DISCHARGE,  THOUSAND  CUBIC  FEET  PER  SECOND 


I Period  1929  -1958 
["1970  Conditions 

Drainage  area  7.096  sqn 


i — t 


Annual  Mean  Discharge,  cfs 

• Maximum  months 

21.320 

Maximum  year 

15.744 

4 20  per  ent  ot  time 

14,884 

Mean  months 

10.906 

v 80  percent  of  time 

7.972 

Minimum  year 
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• Minimum  months 

3,87i 
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2 Monthly  discharge,  Flathead  R-ver  neor  Poison, 
Montana 
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Annual  Meon  Discharge,  4 1 
Maximum  months  4 506 
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Period  1929  -1958 
' 1970  Condit  ions 
Drainage  area  '9.956  sqn 


Annual  Mean  Discharge,  c I s 
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Mean  months 
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Figure  4 3 
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Monthly  discharge.  C'Qrk  Fork  neor  Ploms,  Montano 
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4 4 Monthly  discharge,  C'Qrn  Fork  o’  Whi-eho'se  Roo  ds 
near  Cabinet , idahc 
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46  Monthly  discharge, Pend  Oreille  River  below  Z Canyon 
near  Metoline  Falls,  Washington 


Figure  47 


Monthly  discharge.  Coeur  d'Alene  River  near  Cataldo, 
Idoho 
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Figure  48 


Monthly  discharge,  Spohane  River  ot  Spohone, 
Washington 
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Figure  63  Frequency  curves,  Dark  Fork  R.  at  Whitehorse  Rapids  nr.  Cabinet,  Idaho  Figure  64  Frequency  curves,  Pend  Oreille  R.  at  Newport,  Washington 
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Figure  6 7 Frequency  curves,  Spokane  River  at  SpoKane,  Washington 


Period  1929  - 1958 
1970  Conditions 


Period  1929-1958 
1970  Conditions 


Maximum  dciy  I09J000  c[f  •». 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Figure  68  Duration  curves,  Kootenay  River  of 
Newgote,  B C. 


Duration  curves,  Kootenai  River  at 
Libby,  Montano 
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Figure  70  Duration  curves,  KootenoiRiver  at 
Leonia,  Idaho 


Duration  curves,  MOyie  River  ot  Eileen,  Idaho 
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Figure  76  Duration  curves,  Flathead  R.  at  Flathead,  B C 
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Duration  curves,  Flathead  River  nr 
Columbia  Falls,  Mont 
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Figure  78  Duration  curves,  S F Flathead  R near 
Columbia  Falls,  Mont 
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Duration  curves,  Fiothead  R at 
Columb'a  Falls,  Mont. 
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Duration  curves,  Clork  Fork  nr.  Plains.  Mont. 


Figure  80  Duration  curves,  Flathead  R nr  Poison,  Mont. 
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Duration  curves,  Pend  Oreille  River 
at  Newport,  Washington 


Duration  curves,  Clark  Fork  ot  Whitehorse 
Rapids  near  Cobmet,  Idaho 
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DISCHARGE,  THOUSAND  CUBIC  FEET  PER  SECOND 


Figure 


84  Durotion  curves,  Pend  Oreille  R below 

Z Canyon  near  Metalme  Falls,  Washington 


Figure  85 


Duration  curves,  Coeur  d'  Alene  River 
near  Cataldo,  Idaho 


Figure  8 6 


Durotion  curves,  Spokane  Rivei 
at  Spokane  , Washington 
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Table  58  - Dependable  Yield,  Pend  Oreille  River 
below  Z Canyon  near  Metaline  Falls,  Washington 
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PRECIPITATION  - LIBBY  INE.  MONTANA 

vg.  Entire  Period  19.22  i n 


PRECIPITATION  ' HAUGAN.  MONTANA 


FIGURE  107.  Long-term  variation  in  precipi tation  and  streamflow 


PRECIPITATION  - KELLOGG  AIRPORT,  IDAHO 


FIGURE  108.  Long-term  variation  in  precipitation  and  streamflow 
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Figure  HI  Stream  Profile.  Pend  Oreille  Clark  Fork  Flathead  R , Idoho  and  Montana 

Quality 

The  quality  of  water  in  Subregion  1 is  generally  excellent 
except  for  pollution  at  certain  times  at  a few  points.  Detailed 
data  for  the  subregion  are  presented  on  the  following  pages. 


Chemica 1 


Most  of  the  surface  waters  of  the  Kootenai,  Pend  Oreille, 
and  Spokane  River  Basins  are  of  excellent  chemical  quality.  They 
are  soft  to  moderately  hard  and  the  dissolved-sol ids  concentra- 
tions seldom  exceed  250  mg/1  (milligrams  per  liter).  The  maximum 
dissolved-sol ids  concentration  of  Clark  Fork  above  Missoula  and 
of  Blackfoot  River  exceeds  250  mg/1  at  times.  (4-139)  Acid  mine 
wastes  and  tailings  from  ore  concentration  mills  have  degraded 
water  quality  in  the  Upper  Clark  Fork  River  between  Butte  and 
Drummond,  Montana.  (4-75)  See  Appendix  XII  for  complete  details. 

Except  for  the  Coeur  d'Alene  River  near  Cataldo,  Idaho,  all 
streams  sampled  have  contained  water  in  which  calcium,  magnesium, 
and  bicarbonate  are  the  predominant  ions.  The  analysis  of  samples 
collected  daily  from  Clour  d'Alene  River  near  Cataldo  from  1953 
to  1958  indicated  much  larger  percentages  of  sulfate  than  in  the 
other  streams.  During  periods  of  low  flow  the  concentration  of 


sulfate  ion  equals  or  exceeds  the  concentration  of  bicarbonate. 
Although  the  relative  ionic  concentrations  are  different,  the  total 
mineralization  of  the  waters  of  Coeur  d'Alene  River  is  about  the 
same  as  of  other  streams  in  the  basin.  The  higher  percentage  of 
sulfate  ion  probably  occurs  as  a result  of  drainage  from  the  lead 
and  zinc  mines  located  in  the  Coeur  d'Alene  drainage.  Over  two- 
thirds  of  the  lead  and  zinc  production  of  the  Pacific  Northwest  is 
centered  in  this  area.  (50-105) 

The  surface  waters  of  the  Clark  Fork-Kootenai-Spokane 
Subregion  drain  areas  of  primarily  granitic  and  silicious  metamor- 
phic  rocks.  The  silica  available  for  solution  from  this  type  of 
rock  is  considerably  less  than  from  the  basaltic  rocks  found  in 
much  of  the  Columbia-North  Pacific  Region.  Consequently,  the  waters 
of  this  subregion  contain  relatively  small  amounts  of  silica, 
usually  averaging  less  than  10  mg/1.  Of  the  streams  sampled  (figure 
112),  only  the  Little  Spokane  River  at  Dartford  had  an  average 
silica  concentration  of  more  than  10  mg/1.  Silica  values  of  samples 
collected  monthly  from  the  1960-65  water  years  for  this  river  ranged 
from  16  to  24  mg/1.  A considerable  part  of  the  flow  in  the  lower 
reach  of  the  Little  Spokane  River  is  made  up  of  spring  inflow  which 
contains  a larger  amount  of  silica  than  the  surface  water. 

The  surface  waters  of  the  subregion  are  suitable  for  all 
normal  uses  except  in  some  local  areas  of  mine  drainage.  The  Butte- 
Drummond  reach  of  the  Clark  Fork  River  in  Montana  is  the  only  known 
area  where  the  water  has  been  degraded  enough  to  make  it  unsuitable 
for  many  normal  uses.  (4-75) 


Biologi cal -Biochemical 


Streams  within  the  subregion  are  generally  fast  moving,  well- 
aerated  streams  with  dissolved  oxygen  levels  near  saturation. 

However,  during  the  summer  months  when  stream  flows  are  low  and 
seasonal  waste  loadings  are  high,  oxygen  levels  are  depressed  in 
three  areas.  Dissolved  oxygen  levels  often  drop  below  2 mg/1  in 
Ashley  Creek  from  Kalispell  to  the  mouth.  Silver  Bow  Creek,  part 
of  the  Clark  Fork  system  running  from  Butte  to  Warm  Springs,  is 
completely  devoid  of  oxygen  as  a result  of  its  use  as  a method  of 
transporting  municipal  and  industrial  waste  downstream  to  oxidation 
ponds.  During  the  summer,  the  Spokane  River  below  Inland  F.mpire 
Paper  Company  and  the  City  of  Spokane  experiences  depressions  of 
several  milligrams  per  liter  in  dissolved  oxygen.  This  condition 
extends  into  Long  Lake  and  becomes  worse  in  conjunction  with  pond- 
ing. The  lake  experiences  periodic  algal  growths  and  stratification, 
both  of  which  add  to  the  dissolved  oxygen  problem.  While  oxygen 
levels  near  the  surface  are  supersaturated  due  to  photosynthetic 
activity,  concentrations  diminish  at  deeper  levels  because  of  lack 
of  reaeration  opportunity  and  a constant  drain  on  the  oxygen 
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resource  by  decaying  organics.  At  levels  below  30  feet,  the  water 
is  often  devoid  of  oxygen.  Such  conditions  affect  the  Spokane  River 
downstream  from  Long  Lake  Dam  because  water  is  released  from  low 
level  outlets.  The  result  is  a low  dissolved  oxygen  concentration 
for  several  miles  beyond  the  dam. 

Bacterial  quality  of  the  streams  in  the  area  is  highly  vari- 
able. In  general,  coliform  densities  below  service  areas  are  high 
enough  to  produce  conditions  unsuitable  for  water-contact  recreation. 
Specific  areas  of  concern  include  the  South  Fork  Coeur  d'Alene  River 
w'th  concentrations  up  to  24,000  organisms/100  ml;  the  Spokane  River 
from  Millwood  to  Long  Lake,  with  levels  up  to  34,000  organisms/ 

100  ml;  Clark  Fork  River  in  the  vicinities  of  Alberton,  Superior, 
and  Thompson  Falls;  and  Ashley  Creek  below  Kalispell,  with  levels 
up  to  390,000  organisms/ 100  ml,  recorded  in  1957.  Silver  Bow  Creek 
is  assumed  to  have  high  bacterial  concentrations  since  it  receives 
raw  sewage  from  Butte,  Montana. 


Sediment 


Very  few  suspended-sediment  concentration  data  are  available 
in  the  Clark  Fork-Kootenai-Spokane  Subregion.  During  the  past  2 
years,  concentration  data  have  been  collected  on  the  Kootenai  and 
Flathead  Rivers.  In  1950-51,  data  (unpublished)  on  suspended- 
sediment  concentration  and  load  were  collected  at  two  sites  on  the 
Kootenai  River  and  at  one  site  on  the  Clark  Fork.  Also,  some  data 
were  obtained  on  the  Coeur  d'Alene  in  1921-22  and  on  the  Spokane 
River  in  1910-11  (17).  The  maximum  recorded  concentration  observed 
on  Flathead  River  at  Columbia  Falls,  Montana,  was  840  mg/1  in  1966, 
as  shown  on  figure  113. 

The  map,  figure  113,  shows  that  sediment  yield  (30)  ranges 
between  0.02  and  4.0  acre-feet  per  square  mile  per  year  and  that 
the  greatest  yields  are  in  the  agricultural  areas  near  Spokane, 
Washington,  and  below  Flathead  Lake  in  Montana.  Other  high  yields 
may  result  from  improper  road  construction  practice,  mining  and 
grazing  on  some  of  the  steep  mountain  slopes.  The  high  yield  of 
1.5  to  4.0  occurs  only  in  a very  small  area  in  the  Hangman  Creek 
Basin  on  the  Wash ington- Idaho  State  line.  However,  sediment  yields 
are  high  over  most  of  Spokane  County,  Washington. 
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Water  Temperature 


Water  temperature  data  sufficient  to  construct  profiles 
have  been  collected  only  for  Kootenai  River,  as  shown  on.  figure  114. 
These  profiles  are  for  maximum,  mean,  and  minimum  temperatures  for 
August  for  the  period  1962-1966,  and  extend  from  Porthill  to  Warland 
Bridge,  river  mile  107  to  mile  210.  The  temperatures  of  entering 
tributaries  are  also  given,  but  their  flows  are  too  small  to  show 
an  effect  on  the  mainstem. 

Maximum  temperature  throughout  the  103-mile  reach  varied 
from  62  to  66°f.  during  August.  The  range  from  minimum  to  maximum 
during  the  month  was  about  10  degrees. 

Monthly  temperatures  throughout  the  year  are  shown  for  three 
Kootenai  River  stations  on  figure  115.  These  vary  from  the  high  of 
66°F.  in  August  to  a low  of  32°F.  in  January  and  February. 


GROUND  WATER 

Moderate  to  very  large  supplies  of  ground  water  are  available 
at  many  places  in  the  major  valleys  from  sand  and  gravel  in  the 
alluvium  and  glacial  outwash  (Qg)  . However,  at  some  places  the 
deposits  are  fine  grained  and  yield  little  water.  The  basalt  of  the 
Columbia  River  Group  (Ter),  in  Idaho  and  Washington,  is  a good  aqui- 
fer where  the  unit  consists  of  at  least  several  successive  flows. 

The  Tertiary  volcanic  rocks  (Tv)  and  sedimentary  strata  (Ts)  prob- 
ably would  yield  small  to  moderate  supplies  at  most  places,  but  are 
largely  unexplored.  The  pre-Tertiary  rocks  (pT)  of  the  mountain 
areas  generally  have  low  permeability;  however,  a deeply  weathered 
zone  supplies  base  flow  to  streams  and  recharge  to  aquifers  in  the 
val leys . 

The  chemical  quality  of  ground  water  generally  is  good  to 
excellent  for  most  uses.  Present  development  is  only  a small  frac- 
tion of  the  available  supply. 

More  than  a dozen  reports  describe  aquifers  and  ground-water 
occurrence  in  parts  of  Subregion  1.  Most  of  them  arc  listed  in 
references  1,  34,  59,  62,  63,  74,  75,  77,  119,  130,  131,  159,  182, 
and  201. 


Aquifer  Units  and  Their  Hydrologic  Characteristics 

Four  aquifer  units  have  been  delineated  in  Subregion  1;  all 
are  important  in  the  hydrologic  regimen,  but  in  somewhat  different 
ways.  Aquifer  units  are  shown  on  the  map,  figure  116,  which  is 
based  on  the  geologic  maps  of  Idaho  (133),  Montana  (1321,  and 
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Washington  (54).  The  alluvial,  glaciofluvial , and  glaciolacustrine 
deposits  of  Quaternary  age  (Qg)  , compose  the  most  important  aquifer 
unit  (abbreviated  to  alluvial-aquifer  unit  hereafter).  The  alluvial 
deposits  include  gravel,  sand,  and  silt  underlying  floodplains  and 
terraces  along  most  of  the  streams  in  the  subregion.  Glacial  out- 
wash  deposits  of  coarse  sand  and  gravel  form  deep  fills  in  some 
valleys  and  basins;  fine  sand,  silt,  and  clay  deposited  in  glacial 
lakes  are  extensive  at  other  places.  Glacial  till  and  poorly  sorted 
unstratified  drift  are  common  at  higher  elevations.  Alluvial  and 
glacial  outwash  deposits  in  the  alluvial-aquifer  unit  furnish  most 
of  the  large  supplies  to  wells  in  the  subregion.  Yields  of  wells 
in  the  vicinity  of  Spokane  are  limited  by  the  capacities  of  the 
pumps;  yields  of  5,000  to  10,000  gpm  (gallons  per  minute)  are  not 
uncommon.  Large  yields  also  are  obtained  from  the  glacial  outwash 
in  Rathdrum  Prairie;  underflow  through  the  3-mile  width  of  the 
valley  at  the  Idaho  State  line  is  estimated  to  be  about  1,000  cfs 
(cubic  feet  per  second).  Yields  of  1,000  gpm  are  obtained  from 
the  alluvium  and  glacial  outwash  in  parts  of  the  Bitterroot, 
Missoula,  Deer  Lodge,  Kootenai,  and  Flathead  Valleys  in  Montana. 

At  other  places,  as  north  of  Pend  Oreille  Lake  and  at  places  in 
Montana,  the  deposits  are  fine-grained  sand  and  silt,  and  yield 
only  small  to  moderate  supplies.  At  many  places,  especially  in  the 
headwaters  areas  of  many  streams,  these  deposits  have  not  been 
explored . 

Sedimentary  formations  of  Tertiary  age  (Ts)  constitute  the 
second  aquifer  unit.  This  unit  occurs  rather  widely  as  a partly 
dissected  basin  fill,  flanking  and  underlying  several  major  valleys. 
It  consists  mostly  of  poorly  consolidated  gravel,  sand,  silt,  and 
clay,  but  includes  some  tuffaceous  material  and,  locally,  lignite 
and  bentonite.  Thick  sections  of  clay,  silt,  and  tuffaceous  clay 
occur  at  many  places  and  yield  little  water.  Sandy  and  gravelly 
strata  produce  moderate  to  moderately  large  supplies.  The  aquifer 
unit  is  important  in  the  recharge  and  storage  of  ground  water  and 
is  known  to  yield  moderate  supplies  of  ground  water  at  a few  places. 
However,  at  most  places  there  has  been  little  exploration  for  ground 
water  in  the  unit.  It  probably  has  considerable  potential  for 
additional  development  in  some  areas. 


The  third  aquifer  unit  is  the  volcanic  rocks  of  Tertiary 
age,  subdivided  into  the  basalt  of  the  Columbia  River  Group  in 
Washington  and  Idaho  (Ter),  and  into  Tertiary  volcanic  rocks, 
undifferentiated  (Tv),  in  Montana.  The  Columbia  River  Group  con- 
sists chiefly  of  widespread  flows  of  medium  to  dark  gray  basalt 
underlying  broad  uplands.  At  a few  places  the  basalt  also  occurs 
as  intracanvon  flows.  Tuffaceous  silt,  clay,  and  sandstone  of  the 
Latah  Formation  occur  as  interbeds  in  the  basalt.  The  lower  parts 
of  the  flows  generally  are  dense  and  massive;  columnar  jointing  is 
common.  The  upper  parts  usually  arc  vesicular,  with  platv  or  blockv 
jointing.  The  bottom  and  central  parts  of  the  flow  arc  mostly 


impermeable,  but  the  upper  few  feet  of  the  flow  and  openings  at 
the  base  of  the  overlying  flow  form  permeable  zones  at  many  places. 
In  general,  well  yields  depend  upon  the  number  of  inter-flow  zones 
penetrated;  yields  commonly  average  about  1 gpm  per  foot  of  basalt 
penetrated.  The  sedimentary  interbeds  generally  have  low  perme- 
ability and  yield  little  water.  The  basalt  yields  moderate  to 
large  supplies  where  sections  several  hundred  feet  thick  are 
saturated.  Little  is  known  about  the  volcanic  rocks  in  Montana, 
but  they  probably  will  yield  moderate  supplies  where  thick  sequences 
are  saturated. 

Consolidated  sedimentary,  igneous,  and  metamorphic  rocks  of 
pre-Tertiary  age  (pT) , which  generally  form  the  mountain  ranges, 
constitute  the  fourth  aquifer  unit.  They  generally  have  low 
porosity  and  permeability  and  yield  only  small  supplies  to  wells. 
However,  some  limestone,  sandstone,  or  other  strata  may  yield 
moderate  to  moderately  large  supplies  at  a few  places.  The  aquifer 
unit  is  an  important  source  of  supply  for  thousands  of  shallow 
wells  and  springs  used  for  rural  domestic  and  stock  supplies.  In 
many  places,  it  is  deeply  weathered,  and  the  weathered  zone, 
together  with  talus  and  other  debris,  forms  a porous,  shallow 
reservoir  that  furnishes  base  flow  to  streams  in  the  subregion. 
Because  it  is  thin,  and  because  the  mature  topography  results  in 
steep  hydraulic  gradients  and  many  discharge  points,  this  shallow 
upper  zone  of  the  aquifer  unit  is  depleted  rather  rapidly. 

Brief  descriptions  of  the  aquifer  units,  their  general 
hydrologic  characteristics,  and  the  general  quality  of  the  water 
yielded  by  them  are  given  in  table  61.  The  general  availability 
of  ground  water  is  shown  on  the  map,  figure  117.  For  maximum 
utility,  that  map  and  the  aquifer-unit  map,  figure  116,  should  be 
used  together. 


Because  of  differences  in  thickness  and  water-bearing 
characteristics  from  place  to  place,  the  yields  of  wells  in  any 
aquifer  unit  vary  greatly.  Generally,  the  yield  range  given  applies 
to  about  80  percent  of  the  wells;  roughly  10  percent  may  yield  more 
and  10  percent  less  than  the  range  given. 
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A rough  estimate  of  the  quantity  of  water  stored  in  each 
aquifer  unit,  in  a specified  depth  interval  below  the  water  table, 
is  given  in  table  62  as  shown  below. 


Table  62  - Storage,  Recharge,  and  Discharge  of  Ground  Water  in  Aquifer  Units,  Subregion  1 

Annual  Natural  Recnarge 
and  Discharge 

Area Storage  Inches 


Aquifer 

Acres 

Specific 

Yield 

Depth 

Used 

Water 

(1,000 

Over 

Area 

(1 ,000 

Ac -It ) 

Unit 

Sq . Mi . 

(1,000) 

(percent ) 

(ft) 

ac-ft) 

Gross  Net 

Gross 

Net 

Qg 

8,000 

5,100 

20 

50 

51 ,000 

24  12 

10.200 

5,100 

Ter 

990 

630 

1 

50 

215 

4 

210 

Tv 

360 

230 

1 

50 

115 

4 

75 

Ts 

840 

540 

5 

50 

1 ,350 

6 

270 

PT 

25,500 

16,300 

2 

50 

16,300 

10 

13.500 

TOTAL 

35,700 

22,800 

69  ,000 

19 ,000 

( rounded) 


The  specific  yield  of  the  al luvi al-aqui fer  unit  (Qg)  probably 
ranges  from  a few  to  25  or  30  percent.  There  is  a higher  percentage 
of  clean,  coarse-grained  material  in  the  uppermost  50  feet  of  the 
saturated  zone  than  in  the  rest  of  the  unit,  and  the  specific  yield 
of  that  zone  is  estimated  to  be  20  percent.  The  specific  yield  of 
the  basalt  (Ter)  and  the  Tertiary  volcanic  rocks  (Tv)  is  estimated 
to  be  on  the  order  of  1 percent.  The  Tertiary  sedimentary  rocks 
(Ts)  are  predominantly  fine  grained,  and  partly  consolidated  or 
cemented  at  places.  A specific  yield  of  5 percent  is  a reasonable 
estimate . 

Hie  pre-Tertiary  rocks  (pT)  have  very  low  porosity  and 
specific  yield  at  depth  where  weathering  has  not  penetrated  and 
joints  and  other  fractures  are  tightlv  sealed  by  the  weight  of  the 
overlying  rock.  However,  they  are  deeply  weathered  in  many  areas, 
and  a specific-yield  estimate  of  2 percent  for  the  uppermost  50  feet 
of  saturation  seems  reasonable. 

A storage  depth  of  50  feet  was  used  for  all  aquifer  units 
in  the  subregion.  According  to  the  table,  about  69  million  acre- 
feet  of  water  is  stored  in  the  first  50  feet  below  the  water  table; 
nearly  75  percent  of  this  is  in  the  alluvial  aquifer  unit.  Much 
of  the  water  is  stored  in  fine-grained  alluvial  and  lacustrine 
deposits  of  low  permeability  and  is  not  readily  available.  However, 
large-scale  pumping  from  more  permeable  deposits  would  induce 


200 


movement  of  water  from  the  low-permeability  materials  to  the  high- 
permeability  materials.  It  seems  probable  that  the  available  ground- 
water  supply  in  storage  is  many  million  acre-feet. 


Natural  Recharge  and  Discharge 

Recharge  to  aquifers  in  Subregion  1 is  derived  from  direct 
precipitation,  from  seepage  from  streams,  and  from  irrigation.  The 
pre-Tertiary  rocks  crop  out  in  the  mountains,  where  the  precipitation 
is  greatest,  and  are  recharged  in  the  fall  and  winter  from  direct 
precipitation,  and  in  the  spring  from  melting  snow.  'Hie  Tertiary 
volcanic  rocks  (Ter  and  Tv)  and  the  Tertiary  sediments  (Ts)  crop 
out  in  rolling  uplands,  benches,  and  terraces.  Those  units  are 
recharged  by  precipitation  during  the  winter  and  spring,  snow'melt 
in  the  spring,  and  influent  seepage  from  streams.  The  alluvial- 
aquifer  unit  (Qg)  underlies  floodplains  and  terraces  and  is  recharged 
largely  by  effluent  seepage  from  streams  and  by  seepage  from  irri- 
gation. Most  of  the  recharge  occurs  during  the  period  of  April- 
September.  The  greatest  rise  in  the  water  table,  usually,  is  in 
April,  May,  and  June.  Generally,  the  seasonal  rise  amounts  to 
5 to  10  feet;  however,  this  does  not  represent  all  the  recharge  to 
the  aquifers.  Considerable  recharge  is  required  merely  to  offset 
discharge  during  periods  when  the  water  table  is  maintained  at 
higher  levels  and  there  may  be  considerable  recharge  even  during 
periods  of  falling  water  levels.  Average  annual  recharge  to  the 
alluvial  and  glacial  deposits  may  be  equivalent  to  a total  rise  in 
the  water  table  of  more  than  10  feet.  Assuming  a specific  yield  of 
20  percent  for  these  deposits,  the  total  annual  recharge  would  be 
about  2 feet  of  water.  Hydrographs  of  representative  wells  are 
shown  in  figure  118. 

A detailed  study  of  inflow  to  and  outflow  from  the  glacio- 
fluvial  aquifer  underlying  Rathdrum  Prairie-Spokane  Valley  was  made 
by  Thomas.  (159)  He  concluded  that  the  average  annual  inflow  to 
the  aquifer  was  1,100  cfs  during  the  period  1951-59.  As  the  surface 
area  of  the  aquifer  is  about  155  square  miles,  this  quantity  repre- 
sents an  average  annual  recharge  of  about  8 feet  over  the  area. 

That  aquifer  is  thicker,  more  porous,  and  more  permeable  than  any 
other  aquifer  in  the  alluvial-aquifer  unit  and  certainly  cannot  be 
considered  representative.  However,  it  does  give  an  idea  of  the 
large  volumes  of  water  that  the  more  productive  alluvial  aquifers 
are  capable  of  receiving  and  transmitting. 

Although  24  inches  of  water  over  the  area  of  the  alluvial- 
aquifer  unit  may  represent  average  total  annual  recharge,  much  of 
this  water  had  already  been  through  the  ground  water-surface  water 
cycle  that  involves  aquifer  units  underlying  high  benches  and 
mountains.  Therefore,  for  table  62,  the  net  recharge  was  estimated 
to  be  12  inches  over  the  area. 
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No  records  of  water-level  fluctuations  are  available  for 
the  other  aquifer  units  so  that  fluctuations  cannot  be  used  to 
estimate  recharge.  In  contrast  to  recharge,  which  is  an  inter- 
mittent process,  ground-water  discharge  is  a continuous  process. 
Maximum  discharge  occurs  when  the  hydraulic  gradient  is  steepest 
and,  except  for  short  periods  of  flood  stage  in  areas  adjacent  to 
floodplains,  this  occurs  when  the  water  table  is  highest.  Base 
flow  supplied  by  ground  water  to  streams  during  prolonged  dry 
periods  often  represents  minimum  ground-water  discharge. 

A rough  measure  of  the  ground-water  component  of  stream 
dishcarge  was  made  by  studying  streamflow  hydrographs  as  previously 
described.  Generally,  the  ground-water  component  for  streams  drain- 
ing aquifer  units  other  than  the  alluvial  aquifer  unit  is  20  to 
55  percent  of  the  total  discharge.  This  represents  a volume  of 
water  equivalent  to  a range  of  4 to  12  inches  over  the  area, 
hstimates  of  recharge  and  discharge  for  the  Ter,  Tv,  Ts , and  pT 
aquifer  units  in  table  62  were  derived  in  this  way. 

l'hc  estimates  of  average  annual  natural  recharge  and  dis- 
charge are  given  in  table  62.  The  total  annual  recharge  and  dis- 
charge is  estimated  to  be  about  24  million  acre-feet.  However, 
about  5 million  acre-feet  is  believed  to  go  through  two  cycles  of 
recharge  and  discharge  before  leaving  the  basin,  so  net  recharge 
and  discharge  would  be  about  19  million  acre-feet.  About  15  million 
acre-feet  of  water  is  recharged  to  and  discharged  from  the  pre- 
Tertiary  aquifer  unit.  This  is  a large  volume  in  comparison  with 
the  volume  of  water  in  storage  in  the  upper  50  feet  of  the  unit, 
and  it  is  obvious  that  the  average  length  of  stay  of  a quantum  of 
ground  water  is  short;  the  turnover  is  great.  Hydraulic  gradients 
are  steep;  the  distance  from  point  of  recharge  to  point  of  discharge 
is  small.  Most  of  the  water  enters  and  leaves  the  aquifer  in  weeks 
or  months.  In  contrast,  hydraulic  gradients  in  the  alluvium  are 
low,  and  the  distance  from  point  of  recharge  to  discharge  may  be 
farther. 


Annual  Ground-Water  Withdrawal 

Ground-water  withdrawal  (table  65),  based  on  1967  data  and 
projected  to  1970,  amounts  to  about  500,000  acre-feet  a year.  This 
is  a very  small  percentage  of  annual  natural  recharge  and  discharge. 
Practically  all  the  pumpage  is  from  the  alluvial  and  glacial  deposits 
and  amounts  to  about  5 percent  of  the  estimated  natural  discharge 
from  that  unit. 


Table  63  - Estimated  Ground-Water  Withdrawal  and  Consumptive  Use, 

Subregion  1,  1970 


Ac-ft  per  year;  all  quantities  in  thousands 


Irrigation 

Acres  irrigated. 
Withdrawal 
Consumptive  use 

Industrial—^ 

Withdrawal 
Consumptive  use—' ' 

Public  Supplies 
Persons  served 
Withdrawal 
Consumptive  use— 

Rural-Donestic 
Persons  served 
Withdrawal—' 

Consumptive  use— 

Stock 

Withdrawal  and 
consumptive  use— 

TOTAL  WITHDRAWAL  (rounded) 
TOTAL  CONSUMPTIVE  USE 
(rounded) 


Idaho 

Montana 

Washington 

Total 

11.0 

16.5 

18.0 

45.0 

33.0 

50.0 

54.0 

137.0 

17.0 

25  .0 

27.0 

69.0 

8.6 

20.0 

2 .6 

31.0 

.4 

1 .0 

. 1 

1.5 

23.0 

56  .0 

270.0 

350.0 

5.5 

14.0 

90.0 

110.0 

1.1 

2.8 

18.0 

22  .0 

23.0 

95.0 

60.0 

178.0 

2.6 

10.6 

6.7 

20.0 

1.3 

5.3 

3.3 

10.0 

.12 

1.3 

.46 

1 .9 

300  .0 
100.0 


1/  Self- supp lied  industrial. 

2/  Assumed  to  be  5 percent  of  gross  withdrawal. 
3/  Assumed  to  be  20  percent  of  gross  withdrawal. 
4/  Estimated  use  100  gallons  per  day  per  person. 
5 / Assumed  to  be  50  percent  of  gross  withdrawal. 
6/  Assumed  that  all  water  withdrawn  is  consumed. 
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Chemical  Quality  of  Water 

Generally,  the  water  is  of  good  to  excellent  quality  through- 
out the  subregion.  Dissolved  solids  commonly  are  less  than  200  mg/1 
in  water  from  the  alluvial  deposits  (Qg)  , 250  mg/1  in  water  from 
the  basalt  of  the  Columbia  River  Group  (Ter) , and  500  mg/1  in  water 
from  the  sedimentary  rocks  (Ts) . The  water  is  soft  to  hard;  hard- 
ness generally  ranges  between  50  and  150  mg/1.  Boron  and  flouride 
are  low,  and  the  SAR  (sodium  adsorption  ratio)  is  less  than  1, 
except  for  water  from  some  wells  several  hundred  feet  deep  in  the 
sedimentary  strata  which  may  have  SAR's  of  10  to  15.  Silica  con- 
centrations in  water  from  the  basalt  usually  are  40  to  60  mg/1; 
water  from  the  alluvial  deposits  has  much  lower  silica  concentra- 
tions. Iron  causes  problems  only  at  a few  places. 

No  data  are  available  regarding  the  chemical  character  of 
water  from  the  Tertiary  volcanic  rocks  (Tv) . It  probably  has 
chemical  characteristics  similar  to  those  of  water  from  basalt  of 
the  Columbia  River  Group. 

Most  of  the  water  utilized  from  the  pre-Tertiary  rocks  is 
obtained  from  springs,  or  from  wells  of  shallow  depth.  That  water 
is  usually  soft  to  moderately  hard  and  has  low  concentrations  of 
dissolved  solids.  Water  from  wells  several  hundred  feet  deep,  or 
from  springs  rising  from  deep-seated  sources,  may  be  more  highly 
mineralized. 

Temperatures  generally  range  from  45°F.  to  60°F.,  but  may 
be  higher  in  deep  wells. 


Present  Use  and  Future  Availability 

Estimates  of  present  use  of  ground  water  are  based  on  data 
for  1965  to  1967,  projected  to  1970.  Projection  of  public  supply, 
domestic,  and  industrial  use  was  on  the  basis  of  estimated  popula- 
tion growth  Irrigation  use  was  projected  on  the  basis  of  past 
rates  of  increase,  modified  for  special  situations.  Ground-water 
withdrawal  and  the  quantity  used  consumptively  are  given  in 
table  63.  Because  some  of  the  return  may  be  into  streams,  net 
ground-water  withdrawal  may  exceed  consumptive  use.  However,  in 
most  areas  where  significant  quantities  of  ground  water  are  with- 
drawn, a large  part  of  the  water  not  used  consumptively  returns 
to  the  ground.  Practically  all  the  water  withdrawn  is  from  the 
alluvial  aquifer  unit  (Qg) . 

Total  annual  ground-water  withdrawal  is  about  300  thousand 
acre-feet  and  consumptive  use  is  about  100  thousand  acre-feet  a 
year.  Net  withdrawal  of  ground  water  by  pumping  is  somewhat  greater 
than  consumptive  u c but  probably  does  not  exceed  150  thousand 
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acre-feet  annually  in  comparison  with  an  annual  natural  discharge 
from  the  alluvial-aquifer  unit  of  about  10  million  acre-feet  a year. 
It  is  obvious  that  additional  large  supplies  are  available  from 
this  aquifer  unit.  Additional  large-scale  development  would  decrease 
the  minimum  flows  of  some  rivers  to  some  extent.  However,  replenish- 
ment of  the  aquifers  would  be  largely  during  periods  of  high  runoff 
in  the  late  winter  and  spring. 

A few  wells  obtain  moderate  supplies  from  the  Tertiary 
sedimentary  strata  (Ts) , but  generally  little  exploration  for 
ground  water  has  been  done  in  this  unit.  The  outcrop  area  of  the 
unit  in  Subregion  1 is  about  840  square  miles.  In  addition,  it 
underlies  large  areas  shown  on  the  aquifer  unit  map,  figure  116, 
as  alluvial-aquifer  unit  (Qg) . Although  the  Tertiary  sediments  are 
predominantly  fine  grained,  there  may  be  sufficient  coarser  grained 
strata  to  serve  as  aquifers  at  many  places.  The  unit  generally  is 
several  hundred  to  more  than  a thousand  feet  thick.  It  is  possible 
that  it  could  be  an  important  source  of  ground-water  supply  in 
some  places.  The  basalt  of  the  Columbia  River  Group  (Ter)  is  an 
important  aquifer  unit  in  eastern  Washington  and  eastern  Oregon  but 
has  not  been  developed  extensively  for  large  supplies  in  Subregion  1. 
There  probably  are  a number  of  places  where  the  unit  is  thick  enough 
to  yield  moderate  to  large  supplies. 


Artificial  Recharge 
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So  far  as  is  known,  no  artificial  recharging  is  done  in 
Subregion  1.  Although  additional  space  for  storage  is  available 
in  the  alluvial  and  glacial  deposits,  under  present  conditions 
little  benefit  would  be  gained  by  artificial  recharge  except, 
perhaps,  for  localized  and  special  situations. 


IVater  Rights 


Idaho 


Most  of  the  subregion  in  Idaho  is  mountainous  and  ground- 
water  development  has  been  almost  exclusively  limited  to  the  stream 
valleys.  Development  has  not  been  extensive,  and  interference 
between  ground-water  rights  has  been  very  limited.  In  general, 
when  applications  are  filed  to  appropriate  the  ground  water,  they 
are  approved  without  protest.  Quantitative  figures  relating  to  the 
water  rights  for  the  entire  Idaho  portion  of  the  subregion  are  not 
avai I able . 

Some  ground-water  development  has  lead  to  the  establishing 
of  water  rights  in  the  stream  valleys  near  St.  Maries,  Sandpoint, 
and  Uonners  Ferry. 


— 


206 


The  most  extensive  development  in  the  subregion  has  occurred 
north  of  Coeur  d'Alene  in  the  Rathdrum  Prairie.  The  aquifers  in  the 
Prairie  yield  copious  amounts  of  ground  water  to  properly  constructed 
wells  and  many  of  the  land  owners  have  found  that  irrigation  does 
increase  the  productiveness  of  the  land.  There  are  now  68  water 
rights  on  file  to  divert  a total  of  191.34  second  feet  of  water  from 
the  Rathdrum  Prairie  aquifer. 


Washington 


In  that  part  of  the  Clark  Fork-Kootenai -Spokane  Subregion 
located  in  the  State  of  Washington,  essentially  Water  Resource 
Inventory  Areas  54  through  57,  and  62  (figure  27),  a total  of  444 
active  ground  water  right  appropriation  and  declaration  records,  in 
permit  and  certificate  stages,  were  on  file  with  the  Department  of 
Water  Resources  as  of  September  30,  1966.  Prime  rights  in  this 
area  allow  summer-period  consumptive  withdrawals  totaling  588,124 
gpm  (1,310  cfs) . A total  of  2,003  gpm  has  been  appropriated  under 
supplemental  rights. 

Prime  water  right  quantities  for  the  more  important  use 
categories  and  total  actual  ground-water  right  quantities  are  listed 
in  table  64,  according  to  Water  Resource  Inventory  Areas  as  defined 
by  the  State  of  Washington,  Department  of  Water  Resources  (Regional 
Summary).  More  detailed  information  about  specific  rights  can  be 
obtained  from  the  Department  of  Water  Resources. 


Table  64  - Summary  of  (round  Water  Rights  in  the  Washington  Part  of  Subregion  1.  196b 
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RELATIONSHIP  BETWEEN  SURFACE  AND  GROUND  WATER 

In  Subregion  1,  ground  water  discharges  to  streams  prac- 
tically everywhere  in  the  highlands  and  mountains  where  the  pre- 
Tertiary  (pT)  rocks  are  at  or  near  the  surface.  Streams  that  drain 
the  mountains  generally  derive  one-fifth  to  one-third  of  their 
average  discharge  from  ground  water.  The  ratio  of  ground  water  to 
surface  water  generally  ranges  from  a few  percent  during  periods  of 
high  flow  to  100  percent  during  periods  of  low  flow.  During  a 


120-day  period  of  no  recharge,  ground-water  discharge  declines  to 
10  or  20  percent  of  the  discharge  at  the  beginning  of  the  period, 
indicating  that  most  of  the  water  in  the  pre-Tertiary  aquifer  unit 
is  in  shallow,  short-term  storage.  Ground  water  in  this  aquifer 
unit  is  almost  everywhere  effluent  throughout  the  year. 

Most  of  the  streams  that  drain  the  highlands  and  mountains 
lose  part  of  their  flow  to  the  alluvial-aquifer  unit  where  they 
enter  the  lowlands.  The  al luvi al-aqui fer  unit  also  is  recharged 
with  large  volumes  of  surface  water  that  are  diverted  for  irrigation 
of  lowland  areas  during  the  late  spring  and  summer.  In  the  northern 
part  of  the  Deer  Lodge  Valley,  more  than  50  percent  of  the  irriga- 
tion diversions  become  ground-water  recharge.  (63) 

Ground  water  in  the  alluvial-aquifer  unit,  in  turn,  is 
effluent  to  the  major  streams  in  their  down-valley  reaches  during 
most  of  the  year.  For  short  periods  during  flood  stages,  some 
water  goes  into  bank  storage  in  the  larger  valleys.  There  is 
generally  little  information  on  the  importance  of  bank  storage, 
but  in  the  Bitterroot  Valley,  the  bank-storage  component  of  the 
ground-water  component  of  discharge  of  Clark  Fork  is  reportedly  of 
minor  importance.  (131) 

The  Rathdrum  Prairie-Spokane  Valley  is  a special  situation 
in  that  the  water  level  in  the  alluvial  and  glacial  deposits  is 
far  below  surface-water  levels  between  Pend  Oreille  Lake  and  a 
point  a few  miles  east  of  Spokane.  Underflow  through  the  alluvium 
between  the  Idaho-lVashington  State  line  and  that  point  is  about 
1,000  cfs.  The  entire  underflow  enters  the  Spokane  River  before  it 
joins  the  Columbia  River.  Because  the  aquifer  is  extensive,  thick, 
porous,  and  permeable,  and  the  distance  from  point  of  recharge  to 
point  of  discharge  is  several  to  several  tens  of  miles,  the  rate  of 
ground-water  recession  is  slow.  Rorabaugii  and  Simons  (131)  related 
discharge  from  the  aquifer  into  the  Post  Falls-Spokane  reach  of  the 
Spokane  River  to  the  water  level  in  well  53N-4W-24661 , and  concluded 
that,  with  little  or  no  recharge  from  precipitation,  it  would  take 
nearly  3 years  for  the  water  level  to  drop  from  the  high  of  record 
(equivalent  to  a ground-water  outflow  of  about  1,020  cfs)  to  the  low 
of  record  (equivalent  to  about  730  cfs) . This  is  a recession  rate 
of  less  than  10  cfs  per  month,  and  is  in  sharp  contrast  to  the  rapid 
flow-recession  rate  of  streams  draining  pre-Tertiary  rocks.  The 
contrast  is  illustrated  in  figure  119  by  partial  hydrographs  for 
the  St.  Joe  River  (drains  pre-Tertiary  unit),  the  St.  Maries  River 
(drains  pre-Tertiary  and  basalt  units),  and  the  Little  Spokane  River 
(drains  chiefly  the  alluvial  aquifer  unit). 
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Hydrographs  showing  low-flow  characteristics  of  selected  streams 
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SUBREGION  2,  IJP  I'  I R ( n I II  M I I A 


HYDROLOGIC  ERAME WORK 

The  upper  Columbia  Subregion  lies  totalis  withi:  the  State 

of  Washington  and  is  hounded  on  the  north  by  Canada,  on  the  west 
by  the  Cascade  Range  and  Wenatchee  Mountains,  on  the  southwest  and 
southeast  by  ranges  of  low  hills  and  on  the  east  by  tin  Spokane 
and  Pend  Oreille  River  watersheds.  Elevations  range  from  340  feet 
above  sea  level  near  the  confluence  of  the  Snake  and  Columbia  Rivers 
to  3,000  feet  in  the  Waterville  Plateau  and  3,000  to  S.00O  feet  at  the 
crest  of  the  Cascades  and  on  north-south  ridges  along  the  Canadian 
border. 


The  subregion  covers  22,451  square  mi les,  of  which  450  square 
miles  are  water  and  22,001  are  land,  altogether  amounting  to  about 
8 percent  of  the  regional  area. 

Broadly  characterized,  the  Geologic  structure  consists  of 
igneous  rocks  in  the  Cascade  Range  and  the  Columbia  Basin.  Glacial 
action  has  altered  the  area.  The  valley  bottoms  and  lower  terraces 
were  formed  from  alluvial  or  glacial  deposits.  A large  area  of  the 
Columbia  Basin  is  covered  by  deep  loessal  soils. 

The  major  stream  is  the  Columbia  River,  which  passes  through 
the  subregion.  The  Methow,  Chelan,  and  Wenatchee  Rivers,  which  flow 
from  the  Cascade  Range,  contribute  most  of  the  water  generated 
within  the  area.  The  Colville  River,  which  heads  in  the  northeast 
part  of  the  subregion,  has  an  annual  flow  averaging  only  about 
300  cfs . The  Similkameen,  Okanogan,  and  Kettle  Rivers  also  con- 
tribute a sizable  quantity  of  water,  but  these  streams  originate 
outside  the  subregion.  The  Spokane  River  is  also  a major  contrib- 
utor, but  lies  entirely  outside  the  subregion.  The  Columbia  Basin 
portion  of  the  subregion  is  quite  arid  and  streamflow  from  this 
area  is  small,  the  major  stream  being  Crab  Creek,  which  averages 
less  than  100  cfs  at  Irby. 

Discharge  generated  within  the  subregion  is  principally 
spring  runoff  caused  by  snowmelt.  In  winter  months,  heavy  rainfall 
accompanied  by  warming  southwesterly  wind  occasionally  causes  snow- 
melt which  produces  high  runoff. 

Water  use  in  the  subregion  is  increasing  at  a rapid  rate, 
with  the  largest  increase  being  for  irrigation  diversions  to  the 
Columbia  Basin  Project.  These  diversions,  which  began  in  1951, 
served  approximately  516,000  acres  in  1970. 
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CLIMATE 

The  climate  varies  from  desert  conditions  over  some  of  the 
lower  basin  to  a moist  alpine  type  in  the  higher  elevations  of  the 
Cascades  and  has  both  continental  and  maritime  characteristics. 
Topography,  prevailing  westerly  winds,  the  path  of  storm  systems 
from  the  Pacific  Ocean,  and  the  distance  and  direction  from  the 
ocean  all  have  an  influence  on  the  climate. 

The  Cascade  Range,  athwart  the  course  of  the  prevailing 
westerly  winds,  forms  a barrier  to  the  easterly  movement  of  moist 
air  from  over  the  ocean.  To  the  east  and  north,  the  Rocky  Mountains 
and  ranges  in  southern  British  Columbia  generally  shield  this  sub- 
region  from  winter  season  cold  air  masses  moving  southward  across 
Canada.  However,  the  north-south  valleys  between  ranges  near  the 
border  permit  some  infiltration  of  arctic  air.  Occasionally,  cold 
air  will  spill  over  the  Rockies  and  cover  all  of  eastern  Washington. 

Wi th  the  prevailing  flow  of  air  and  movement  of  weather 
systems  across  this  subregion  from  west  to  east,  most  of  the  air 
masses  have  spent  several  days  over  the  Pacific  Ocean  before 
reaching  land.  The  surface  of  the  ocean  is  warmer  in  winter  and 
cooler  in  summer  than  the  land,  thus  the  maritime  air  has  a 
moderating  influence  throughout  the  year.  During  late  spring  and 
summer,  the  prevailing  flow  of  air  is  from  the  northwest  and  west. 
Warming  and  drying  as  it  moves  across  the  state  results  in  a dry 
season  beginning  in  May  and  reaching  a peak  in  July  and  August. 

In  late  fall  and  winter,  the  prevailing  flow  of  air  is  from  the 
southwest.  This  air  is  moist  and  near  the  surface  temperature  of 
the  ocean.  As  it  moves  inland  and  rises  along  the  windward  slope 
of  the  Cascades,  the  temperature  decreases  with  increase  in 
elevation.  This  orographic  lifting  results  in  heavy  precipitation 
along  the  western  slope  and  near  the  summit.  Air  descending  along 
the  leeward  slope  is  warmed  by  compression,  resulting  in  a sharp 
decrease  in  precipitation  eastward  from  the  summit. 


Precipitation 


A sharp  reduction  in  precipitation  as  the  elevation 
decreases  eastward  from  the  summit  of  the  Cascade  Range  can  be 
seen.  For  example,  within  a distance  of  20  miles,  annual  precipi- 
tation decreases  from  76  inches  at  Stevens  Pass  (elevation  1,1'On 
feet)  to  24  inches  at  Leavenworth  (elevation  1, 100  feet).  Within 
the  next  15  miles,  it  drops  to  9 inches  at  Wenatchee  (elevation 
934  feet).  Across  the  Okanogan  Highlands,  annual  amounts  range 
from  12  to  15  inches  in  the  valleys  increasing  to  30  inches  on  the 
windward  slopes  of  the  higher  ridges.  Over  most  of  the  Columbia 
Basin  portion  of  the  subregion,  where  elevations  range  from 
500  to  1,500  feet  above  sea  level,  annual  precipitation  varies  from 
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7 to  12  inches.  Approximately  50  percent  of  the  annual  precipi- 
tation falls  in  the  4 months,  October  through  January,  and  75  per- 
cent from  October  through  March.  The  total  precipitation  for  the 
two  driest  months,  July  and  August,  is  from  5 to  10  percent  of  the 
annual  (table  65  and  figure  120).  In  the  drier  areas,  measurable 
precipitation  is  recorded  on  1 to  3 days  each  month  in  summer, 

4 to  7 days  in  spring  and  fall,  and  8 to  12  days  in  winter.  In 
the  mountains,  the  number  varies  from  4 to  6 in  summer,  7 to  12  in 
spring  and  fall,  and  20  to  25  in  winter. 


Table  65.  Average  Monthly  and  Annual  Precipitation  (inches),  Upper  Columbia  Subregion,  1931-1960 
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Figure  120  is  an  isohyetal  map  of  mean  annual  precipitation 
prepared  by  the  Weather  Bureau  River  Forecast  Center,  Portland, 
Oregon,  using  climatological  data  (1930-57)  and  information  derived 
from  correlations  with  physiographic  factors.  Table  65  presents 
precipitation  data  for  selected  stations  which  are  not  the  only 
stations  used  in  preparing  the  isohyetal  map. 

In  an  average  winter,  snowfall  ranges  from  10  to  20  inches 
over  lower  elevations  of  the  Columbia  Basin,  30  to  70  inches  on  the 
j Waterville  Plateau  and  northern  valleys,  75  to  150  inches  in  the 

' foothills  of  the  Cascades,  and  300  to  500  inches  near  the  crest. 

In  the  southern  section,  snow  remains  on  the  ground  from  a few 
days  to  6 weeks  with  5 to  15  inches  accumulating.  The  Waterville 
Plateau  and  northern  valleys  are  usually  covered  with  snow  from 
mid-December  until  late  February  or  March.  Depths  in  these  areas 
range  from  10  to  30  inches.  In  the  higher  mountains,  snow  can  be 
expected  in  October  and  to  remain  on  the  ground  from  mid-November 
until  June.  Snow  depths  may  reach  6 to  10  feet  on  the  higher 
ridges  of  the  Okanogan  Highlands,  and  10  to  20  feet  near  the  summit 
of  the  Cascades.  The  density  of  the  snowpack  increases  from 
approximately  25  percent  water  equivalent  in  early  winter  to 
45  percent  in  March. 


13 
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MEAN  ANNUAL  PRECIPITATION 
IN  INCHES 

UPPER  COLUMBIA  SUBREGION  2 


Temperature 

During  the  warmest  summer  months,  afternoon  temperatures 
over  the  lower  elevations  range  from  80°  to  95°F.,  reaching  100°F. 
or  higher  on  a few  days.  Extreme  temperatures  between  105°  and 
112°F.  have  been  recorded  at  most  reporting  stations,  with  the 
record  high  being  118°F.  at  Wahluke.  Minimum  summer  temperatures 
are  in  the  50' s and  60 's.  In  the  mountains,  maximums  are  in  the 
60's  and  70's,  reaching  80°  or  higher  on  a few  days,  and  minimums 
are  in  the  40 's  and  lower  50 's.  The  growing  season  in  agricultural 
areas  varies  from  approximately  130  days  in  northern  valleys  to 
180  days  at  the  southern  section  of  the  subregion  (table  66  and 
figure  120) . 

In  winter,  weather  systems  moving  eastward  from  the  Pacific 
and  outbreaks  of  cold  air  from  Canada  produce  frequent  changes. 
Minor  outbreaks  of  arctic  air  occur  frequently;  however,  they  are 
usually  of  short  duration.  Occasionally,  very  cold  air  will  cover 
the  entire  area  and  usually  low  temperatures  will  continue  for 
2 weeks  or  longer.  During  an  average  winter,  maximums  range  from 
25°  to  35°F.  in  northern  valleys  and  30°  to  40°F.  in  southern  areas 
Minimums  are  from  5°  to  15°F.  in  the  colder  areas  and  20°  to  30°F. 
in  the  warmer.  Below  zero  readings  can  be  expected  on  a few  nights 
and  -15°  to  -25°F.  have  been  recorded  at  most  stations. 


Wind 

Topography  has  an  influence  on  the  prevailing  direction  of 
the  wind.  In  general,  the  wind  is  from  the  west  or  southwest  most 
of  the  year.  However,  in  winter  the  frequency  of  winds  from  the 
northeast  and  north  over  the  northern  half  of  this  subregion  may 
equal  the  occurrences  of  westerly  winds.  High  velocities  th rough - 
• out  the  year  are  from  the  west  or  southwest.  Extreme  winds  can  be 

- expected  to  exceed  50  mph  once  in  2 years  and  60  to  70  mph  once 

„ . in  50  years. 

Evaporat i on 

> 

Annual  evaporation  from  a class  A pan  is  estimated  at  50  to 

60  inches  in  the  warmest  areas  and  30  to  40  inches  on  the  higher 

slopes.  Monthly  amounts  in  the  agricultural  areas  are  2 to  5 inches 
in  spring  and  fall,  and  7 to  12  inches  in  summer.  Annual  loss  of 
water  by  evaporation  from  lakes  and  reservoirs  is  estimated  at 
25  inches  in  the  mountains  and  40  inches  in  the  Columbia  Basin. 
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Table  6b  - Average  and  Extreme  Temperatures  (°F.),  Subregion  2,  Upper  Columbia 


Stat ion 

Data 

Jan. 

Feb. 

Mar. 

Apr. 

Ma) 

f. 

June 

July 

Au{ 

L_ 

Sept . 

Oct . 

Nov . 

Dec. 

Annual 

Chelan 

Av . Max . 

30. 

,4 

37. 

.2 

49. 

.8 

62. 

0 

72. 

.7 

77, 

.7 

86. 

,4 

85. 

.0 

74. 

,4 

61 , 

,0 

43, 

.9 

34. 

.7 

59 

.0 

Av.  Min. 

19. 

.8 

23. 

6 

31. 

,7 

39. 

7 

47. 

.6 

54. 

. 1 

60. 

.2 

59. 

2 

50. 

,5 

41  . 

.0 

51. 

, 5 

25. 

.0 

40 

.3 

Mean 

25. 

.5 

30 

.4 

40. 

.6 

50. 

6 

59. 

.4 

65 

.6 

72 

,9 

71. 

.2 

62, 

.8 

so 

.9 

37, 

.3 

30. 

.3 

49 

.8 

Highest 

59 

61 

74 

86 

95 

102 

106 

103 

95 

85 

65 

65 

106 

Lowest 

-14 

-15 

4 

23 

28 

36 

43 

42 

29 

10 

-3 

-12 

-15 

Chewelah  2S 

Av . Max , 

31. 

,7 

38. 

8 

49. 

,4 

61. 

7 

71. 

.3 

76. 

.9 

CC 

-4 

3 

86, 

.3 

76, 

,9 

61  . 

.7 

42. 

.6 

34. 

.9 

59 

.5 

Av.  Min, 

15. 

.0 

18. 

,3 

27. 

, 1 

32. 

6 

39. 

.2 

44. 

.6 

45. 

9 

42, 

.4 

37. 

.6 

31. 

.7 

26. 

. b 

21, 

.9 

31 

.9 

Mean 

23. 

,3 

28. 

5 

38. 

.2 

47. 

2 

55. 

.2 

60 

.7 

66. 

6 

64, 

.4 

57, 

.3 

4b, 

.7 

54 

, b 

28 

,4 

45 

.9 

Highest 

55 

61 

74 

89 

96 

98 

107 

103 

101 

88 

69 

58 

107 

Lowest 

-38 

-38 

-12 

12 

16 

26 

32 

28 

16 

2 

-15 

-27 

-38 

Ephrata 

Av . Max . 

33. 

,0 

41 . 

.0 

54. 

,0 

65. 

6 

74. 

.9 

81 

.6 

90. 

9 

88. 

.5 

78, 

,9 

65. 

.3 

47. 

,0 

36, 

,5 

63 

. i 

Av.  Min, 

19. 

.7 

25. 

.4 

33. 

. 1 

40. 

,3 

48 

.8 

55 

.3 

62. 

,5 

60 

.5 

3 2 

.0 

42. 

,3 

31 

.0 

24 . 

.5 

41 

.3 

Mean 

27. 

.5 

33. 

,3 

43. 

.4 

53. 

2 

62. 

. 1 

68. 

.5 

76. 

5 

74. 

.5 

66 , 

.5 

S3 

,8 

38. 

.8 

31  , 

.6 

52 

.5 

Highest 

61 

68 

77 

93 

101 

106 

113 

107 

102 

90 

78 

64 

113 

Lowest 

-17 

-23 

3 

16 

28 

36 

42 

30 

20 

12 

0 

-12 

-23 

Coulee  Dam  lSWi/ 

Av.  Max. 

30. 

.8 

38. 

. 1 

50. 

,4 

62. 

5 

72. 

.3 

78. 

. 1 

88. 

.6 

86. 

, 2 

77. 

.9 

62. 

, 1 

43. 

. 1 

35, 

.6 

60 

. 5 

Av.  Min. 

20. 

6 

24. 

,5 

31. 

,2 

38. 

6 

46. 

.6 

52. 

.3 

57. 

9 

56. 

.5 

50, 

.8 

41, 

. 1 

30. 

.9 

26 

, 2 

39, 

.8 

Mean  1/ 

25. 

.7 

31 . 

.3 

40. 

.8 

50. 

. 6 

59 

.5 

65. 

.2 

73. 

.3 

71. 

.4 

64 

.4 

51, 

,6 

37 

.0 

30, 

.9 

50. 

. 2 

Highest 

54 

60 

74 

92 

99 

105 

113 

106 

104 

90 

62 

58 

113 

Lowest 

-17 

-15 

0 

20 

27 

38 

43 

38 

34 

12 

1 

-- 

-17 

Laurier 

Av.  Max. 

29. 

,4 

37. 

.2 

48. 

,9 

62. 

3 

72. 

.0 

78. 

. 1 

88. 

,3 

86. 

.2 

75, 

,6 

58, 

,7 

40. 

,5 

31 , 

.9 

59 

.1 

Av.  Min. 

14, 

,4 

17. 

6 

25. 

,2 

32. 

.7 

40. 

.0 

46. 

,5 

50. 

3 

48. 

,6 

41. 

,6 

33, 

,6 

26, 

,5 

19. 

.5 

33. 

,0 

Mean 

22. 

,7 

27. 

6 

36. 

,9 

47. 

9 

56. 

,8 

62. 

,4 

69. 

4 

67. 

.4 

59. 

, 2 

46, 

.6 

33 

.6 

26 , 

.9 

46 

.5 

Highest 

53 

58 

73 

92 

102 

103 

109 

105 

105 

85 

63 

56 

109 

Lowest 

-32 

-30 

-13 

11 

16 

28 

34 

31 

18 

6 

-9 

-26 

-32 

Ritzvi  lie 

Av.  Max. 

33. 

2 

39. 

8 

51 . 

2 

62. 

1 

71. 

, 7 

78. 

9 

89. 

3 

87. 

0 

77. 

1 

63. 

3 

45. 

3 

36, 

, 2 

6 1 . 

.3 

Av.  Min. 

19. 

8 

24. 

3 

30. 

2 

35. 

1 

41 . 

.6 

47. 

.5 

53. 

2 

52. 

1 

45. 

9 

37, 

28. 

,7 

23. 

7 

36. 

6 

Mean 

27. 

0 

32. 

1 

40. 

6 

48. 

8 

56. 

8 

63. 

1 

71 . 

1 

69. 

3 

62. 

I 

50. 

6 

56  , 

9 

31 . 

2 

49. 

1 

Highest 

60 

62 

77 

92 

99 

108 

110 

106 

101 

93 

67 

62 

no 

Lowest 

-23 

-24 

3 

11 

-> 

29 

33 

35 

20 

5 

-10 

-21 

-24 

Stchekin  3NW 

Av . Max . 

33. 

5 

39. 

6 

47. 

5 

59. 

4 

68. 

.2 

74. 

0 

82. 

1 

80. 

1 

70. 

9 

57. 

7 

43. 

0 

35. 

0 

57. 

6 

Av.  Min. 

21. 

6 

24. 

0 

28. 

5 

34. 

8 

41. 

6 

47. 

5 

52. 

1 

50. 

7 

43. 

8 

3o. 

2 

29. 

6 

. 

3 

36. 

3 

Mean 

27. 

4 

30. 

8 

37. 

7 

47. 

1 

55, 

.0 

60. 

5 

66. 

5 

64. 

8 

57. 

2 

4b. 

6 

36. 

0 

30. 

8 

46. 

7 

Highest 

54 

63 

69 

84 

92 

97 

103 

98 

93 

84 

67 

62 

103 

Lowest 

-18 

-16 

-5 

19 

25 

30 

36 

35 

22 

16 

0 

-11 

-18 

Kennewick 

Av . Max . 

38. 

9 

46. 

6 

58. 

4 

68. 

6 

76. 

.6 

83. 

4 

92. 

0 

89. 

1 

79. 

2 

bb . 

6 

50. 

7 

41 . 

7 

6b. 

0 

Av.  Min. 

24. 

3 

29. 

1 

34. 

6 

39. 

7 

47. 

5 

53. 

,4 

59. 

1 

56, 

8 

49. 

0 

40. 

7 

32. 

8 

28. 

0 

41  . 

3 

Mean 

31 . 

8 

37. 

,5 

46. 

1 

54. 

5 

62. 

3 

68. 

3 

75. 

1 

72. 

4 

’ J 

6 

53. 

7 

41  . 

2 

36. 

0 

53. 

6 

Highest 

74 

74 

88 

95 

105 

108 

115 

115 

102 

89 

78 

71 

115 

Lowest 

-27 

-23 

10 

18 

26 

37 

38 

37 

21 

14 

-12 

-29 

-29 

Wenatchee 

Av.  Max. 

33. 

0 

40. 

4 

54. 

2 

65 . 

5 

73. 

6 

79. 

8 

88. 

2 

86. 

9 

77. 

7 

63. 

7 

46. 

4 

36. 

6 

62. 

2 

Av.  Min. 

18. 

3 

22 . 

2 

30. 

7 

38. 

3 

46. 

S 3 . 

0 

58. 

5 

56. 

2 

47. 

8 

37. 

8 

29. 

1 

23. 

7 

38. 

5 

Mean 

26. 

2 

31 . 

5 

42. 

3 

52. 

2 

60. 

5 

60 . 

5 

73. 

4 

71 . 

5 

63. 

5 

51 . 

1 

37. 

7 

31  . 

1 

50. 

6 

Highest 

58 

66 

"1 

92 

wv 

106 

no 

106 

98 

90 

71 

63 

no 

Lowest 

-29 

-18 

4 

20 

27 

35 

40 

40 

22 

20 

1 

-18 

-29 

Wi  lhur 

Av.  Max. 

30. 

6 

37. 

3 

49. 

1 

60. 

6 

69. 

2 

76. 

1 

85. 

1 

83. 

5 

74. 

1 

61  . 

3 

43. 

4 

34. 

2 

58. 

7 

Av.  Min. 

16. 

3 

20. 

2 

27. 

.5 

33. 

1 

39. 

,3 

44  . 

,5 

48. 

5 

47. 

3 

41  . 

2 

33. 

8 

27 . 

0 

21 . 

4 

33. 

3 

Mean 

24. 

,5 

29. 

2 

38. 

2 

47. 

0 

55, 

0 

60, 

6 

67. 

6 

65. 

6 

58. 

6 

47. 

9 

35. 

3 

29. 

1 

46 

6 

Highest 

65 

58 

75 

90 

96 

106 

no 

104 

99 

87 

68 

56 

no 

Lowest 

-27 

-30 

-10 

10 

19 

25 

25 

25 

14 

1 

-15 

-22 

-30 

1/  Period  may  be  longer  or  shorter  than  30-year  normal 

Temperature  extremes  are  for  period  of  record  through  I960 
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Evapotranspiration 

Potential  evapotranspiration  is  25  to  30  inches  in  the 
warmest  areas  and  15  to  18  inches  in  the  mountains.  Assuming  that 
soils  have  a water-storage  capacity  of  6 inches,  computations  have 
been  made  of  the  actual  evapotranspiration  which  occurs  with  average 
temperatures  and  precipitation.  Annual  amounts  are  7 to  10  inches 
in  the  Columbia  Basin  area  and  12  to  16  inches  in  the  higher  eleva- 
tions. In  general,  potential  evapotranspiration  exceeds  actual 
evapotranspiration  by  15  to  20  inches  in  the  lower  elevations. 


Storms 


Rainfall  is  frequently  associated  with  thunderstorms. 
Occasionally  rather  intense  thunderstorms  and  damaging  hail  are 
reported.  Thunderstorms  occur  most  frequently  in  the  mountainous 
areas . 


Sunshine 


The  loss  of  heat  by  radiation  at  night  in  the  colder  months 
and  moist  air  reaching  the  inland  basin  results  in  considerable  fog 
and  low  clouds.  The  number  of  clear  or  only  partly  cloudy  days 
each  month  is  4 to  8 in  winter,  10  to  20  in  spring  and  fall,  and 
20  to  25  in  summer.  It  is  estimated  the  agricultural  areas  receive 
20  percent  of  the  possible  sunshine  in  winter,  40  to  60  percent  in 
spring  and  fall,  and  70  to  80  percent  in  summer. 


SURFACE  WATER 

The  principal  streams  in  the  subregion  are  the  Columbia, 
Kettle,  Simi Ikameen , and  Okanogan  Rivers  draining  from  Canada; 
the  Methow,  Chelan,  and  Wenatchee  Rivers  draining  the  east  slope 
of  the  Cascade  Range;  and  the  Colville  River  originating  in  the 
Selkirk  Mountains.  The  Columbia  River  is  extensively  developed 
for  hydroelectric  power,  and  at  Hanford  there  is  a large  nuclear 
power  reactor  producing  thermal  power.  Only  two  of  the  tributaries, 
the  Colville  River  and  the  Chelan  River,  have  developments  for 
hydroelectric  power. 


Quantity 

The  average  annual  outflow  from  the  subregion  is  114,800  cfs . 
Inflow  from  the  Columbia  River  in  Canada  averages  about  95,800  cfs. 
The  difference,  19,000  cfs  annually,  would  be  reduced  further  by  the 
inflow  to  the  subregion  of  the  Okanogan,  Simi Ikameen,  Kettle,  and 
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Spokane  Rivers,  which  originate  outside  the  subregion.  Flow 
generated  within  the  subregion  is  about  5,300  cfs  (3.8  million 
acre-feet  annually).  This  averages  0.24  cfs  per  square  mile,  one 
of  the  lowest  rates  in  the  subregion. 


Present  Utilization 

The  greatest  consumptive  use  of  water  in  the  subregion  is 
by  irrigation,  and  the  greatest  single  diversion  is  from  Franklin 
D.  Roosevelt  Lake  at  Grand  Coulee  Dam,  which  averages  3,680  cfs 
for  the  irrigation  of  516,000  acres  on  the  Columbia  Basin  project. 
The  rediversion  and  reuse  of  return  flows  and  large  losses  to 
ground  water  within  the  area  result  in  relatively  little  surface 
runoff  (only  about  100  cfs)  return  to  Columbia  River.  There  is 
also  irrigation  in  the  valleys  of  the  rivers  which  enter  the 
Columbia  River,  but  the  total  of  all  these  would  not  compare  with 
that  on  the  Columbia  Basin  project.  A vast  quantity  of  water  is 
used  for  the  production  of  hydroelectric  power.  Seven  major 
powerplants  are  located  in  the  reach  of  the  Columbia  River  within 
Subregion  2. 


Stream  Management 

Competition  for  water  among  the  various  users  necessitates 
efficient  stream  management.  Storage  and  release,  diversions, 
conservation , legal  constraints,  etc.,  all  are  a part  of  the  water 
management  system. 

Impoundments  Reservoirs  in  the  Upper  Columbia  Subregion 
having  a total  capacity  of  5,000  acre-feet  or  more  are  listed  in 
table  67.  The  uses  listed  are  those  which  are  now  considered  prime 
functions  of  the  reservoirs  but  may  not  represent  either  the 
specific  considerations  used  in  planning  the  reservoirs  or  a com- 
plete list  of  functions  served.  Most  of  the  reservoirs  provide 
recreational  use,  and  several  of  them  also  provide  some  flood 
control . 


Diversions  The  largest  diversions  for  consumptive  use  of 
water  are  for  irrigation.  These  diversions  arc  generally  confined 
to  the  irrigation  season  Apri 1-September,  peaking  up  to  highest 
diversion  during  midsummer  whenever  adequate  flow  is  available  to 
meet  the  requirements. 

Many  large  diversions  for  power  are  made  within  the  sub- 
region.  These  diversions  arc  nonconsumptive;  the  water  is  returned 
to  the  stream  within  a short  distance  from  the  diversion. 


Table  67  - Reservoirs  Having  a Total  Capacity  of  5,000  Acre-Feet  or  More 


Name 

Stream 

Total 
Storage 
(acre- feet ) 

Total 

Storage 

(acre-feet) 

Area 

(acres) 

Purpos 

Rurus  Woods  Lake 

Columbia  R. 

518,000 

114,000 

7,800 

P 

(Ciief  Toscph) 
Conconul ly 

Salmon  Cr. 

13,000 

13,000 

420 

1R 

Conconully  Lake!/ 

N.F.  Salmon  Cr. 

10,500 

10,500 

313 

IR 

Franklin  l).  Roosevelt  Lake 

Co  1 umb i a R . 

9,562,000 

5,232,000 

83,000 

FIP 

Banks  LakeJ/ 

Columbia  R. 

1,275,100 

761 ,800 

27,000 

IR 

Lake  Chelaar/ 

Chelan  R. 

677,365 

677 , 365 

31 ,975 

PR 

Billy  Clapp  Lake*/ 

Columbia  R. 

65,000 

1 ,000 

-- 

I 

Owhi 

Little  Nespelem  R. 

5,250 

5,250 

540 

I 

Potholesi/ 

Columbia  R. 

525,100 

379 , 500 

32,400 

IR 

Priest  Rapids 

5 Lower  Crab  Cr. 
Columbia  R. 

200,000 

44,800. 

8 ,600— ^ 

7,200 

FPR 

Rock  Island 

Columbia  R. 

-- 

3,470 

P 

Entiat  Lake 

Columbia  R. 

390,000 

t)4 , 300i/ 

9,800 

P 

(Rocky  Reach) 
Scoot eneyj/ 

Co  1 umb i a R . 

15,250 

6,750 

I 

Snow  I.akes 

Snow  Cr. 

16,500 

12,500 

184 

Cl 

Twin  Lakes 

Stranger  Cr. 

15,124 

15,124 

1 .892 

1 

Wanapum 

Columbia  R. 

486,000 

160,800 

1 4 ,t>  10 

FPR 

Wells 

Columbia  R. 

300 , 000 

ro.Tooi 

9,700 

P 

1 J Off st ream. 

If  Capacity  between  elevations  1,079  and  1,100  feet,  regulation  allowed  by  FPL. 

3/  Pondage  available  with  some  minimum  flow. 

£/  P-power,  F-flood  control,  R-recreation,  I-irrigation,  C-fish  and  wildlife  conservat i ji: 


Channel  Modification  Stream  modification  is  limited  mainly 
to  local  bank  protection  or  levee  construction  as  flood  control 
measures.  The  major  levee  works  are  around  the  cities  of  Richland 
and  Pasco  in  the  extreme  southern  portion  of  the  subregion.  Prior 
to  the  existence  of  the  great  number  of  dams  on  the  Columbia  River, 
some  channel  clearance  was  done  for  navigational  purposes.  Within 
the  reaches  of  these  dams  and  reservoirs,  the  need  of  channel  work 
for  navigational  purposes  is  eliminated  on  the  Columbia  River  and 
the  lower  portion  of  some  of  the  tributary  rivers . 

Forecasting  Forecasting  of  runoff  and  peak  flows  is  developed 
and  used  chiefly  in  flood  warning  and  in  the  operation  of  reservoirs 
for  flood  control.  It  also  provides  a means  of  assuring  a maximum  of 
stored  water  for  power  generation  and  irrigation  consistent  with 
other  uses . 


Constraints  There  are  no  interstate  compacts  or  international 
treaties  that  are  concerned  directly  with  runoff  in  the  Upper 
Columbia  Subregion.  There  are,  however,  international  treaties  and 
regulations  regarding  inflow  streams  which  affect  the  use  of  the 
Columbia  River  within  the  subregion.  The  height  of  Grand  Coulee  Ham 
and  the  size  of  Franklin  D.  Roosevelt  Lake  were  limited  so  that  the 
lake  should  not  increase  river  water  levels  in  Canada.  An  inter- 
national treaty  between  Canada  and  the  United  States  (described  in 
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Appendix  III,  Legal  and  Administrative  Background)  in  regard  to 
the  Columbia  River  was  signed  in  1961  providing  for  cooperative 
development  of  the  resource  and  for  the  distribution  of  benefits 
resulting  from  the  treaty  storage.  TL i s controlled  storage  will 
affect  the  flows  and  uses  within  Subregion  2,  as  compared  to  the 
past . 


Water  Rights 


In  the  Upper  Columbia  Subregion,  consisting  essentially  of 
State  of  Washington  Water  Resource  Inventory  Areas  36,  40  through 
53,  and  58  through  61  (figure  121),  a total  of  1,483  active  surface- 
water  appropriation  records,  in  permit  and  certificate  stages,  was 
on  file  with  the  State  of  Washington,  Department  of  Water  Resources, 
on  April  30,  1967.  Prime  appropriative  rights  in  this  area  allow 
summer  period  diversions  totaling  about  1,052,000  cfs  of  which 
consumptive  diversions  amount  to  about  3,000  cfs,  partially  con- 
sumptive diversions  are  allowed  for  about  1,000  cfs,  and  nonconsump- 
tive diversions  are  permitted  for  about  1,048,000  cfs;  most  of  the 
nonconsumptive  quantity  being  associated  with  hydroelectric  power- 
plants  on  the  Columbia  River  and  major  tributaries.  A total  of 
161  cfs  has  been  appropriated  under  supplemental  rights  of  which 
146  cfs  are  used  consumptively  and  15  cfs  are  partially  consumptive 
to  the  resource. 

Under  various  decrees  in  this  subregion  a total  of  916 
adjudicated  surface  water  rights  has  been  granted  with  diversion 
rates  totaling  2,180  cfs.  Of  this  amount,  1,160  cfs  have  a consump- 
tive effect  on  the  resource,  1,020  cfs  are  partially  consumptive  and 
less  than  1 cfs  is  used  nonconsumptively . Supplemental  adjudicated 
rights  have  been  granted  for  a total  of  2 cfs  in  this  area. 

Reservoir  storage  rights  obtained  through  the  appropriative 
procedure  permit  a total  annual  retention  of  2,320,058  acre-feet  in 
the  Upper  Columbia  Subregion.  Storage  rights  obtained  through 
adjudication  provide  for  a total  of  317,358  acre-feet  per  year. 

Prime  water  right  quantities  for  the  more  important  use 
categories  and  total  actual  surface  water  right  quantities  are  pre- 
sented in  table  68  according  to  Water  Resource  Inventory  Areas  as 
defined  by  the  State  of  Washington,  Department  of  Water  Resources 
(see  Regional  Summary).  More  detailed  information  about  specific 
rights  can  be  obtained  from  the  Department  of  Water  Resources. 

Pi s charge 

The  base  period  selected  for  this  study  is  1929-1958.  Long- 
term gaging  data  in  the  Pacific  Northwest  indicate  that  both  very 
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Surface  Water  Rights  in  the  Upper.  Columbia  River  Subregion,  1967 
Prime  Water  Right  Quantities 

Ind.  6 Indus . 

Com.  5 Fish  Total 

r . Pom.  Cml . Prop.  Stock 

Cubic  Feet  Per  Second 


Res  . 

St  ge  . Rt  s . 
Ac  re -Feet 


36 

Esquatzel  Coulee 

- - 

8.41 

0.04 

1 .10 

- - 

- - 

258,009.55 

3/ 

200,000 

19 

40 

Squi lchuck-Alkali  Cr. 

- - 

39.96 

32.00 

43.10 

0.20 

27.06 

371 .088.17 

4/ 

656,307 

20  / 

41 

Lower  Crab  Creek 

- - 

11.53 

0.02 

- - 

11.55 

50  ,000 

2T/ 

42 

Soap- Banks  Lake 

1.80 

6.82 

0.07 

2.00 

- - 

0.51 

10.68 

43 

Upper  Crab-Wilson  Cr. 

1,021.02 

0.01 

- - 

- - 

0.15 

1 ,021.03 

6,23 

44 

Douglas -Moses  Coulee 

6.00 

149.03 

3.23 

0.03 

- - 

6.03 

185  ,449 .14 

7/ 

390,018 

22/ 

45 

Wenatchee 

11.50 

193.48 

12.  12 

44.29 

8/ 

515.04 

0.02 

792.10 

9/ 

49  ,030 

46 

Ent iat 

1.25 

7.30 

5.06 

4 .00 

29 . 50 

- - 

43.92 

80 

47 

Chelan 

2.00 

163.00 

66.47 

22.54 

- - 

0.25 

234,220.26 

10/ 

941,600 

23/ 

48 

Methow 

- - 

264.77 

173.29 

8.00 

12, / 

21.04 

1 .99 

345.82 

6 ,000 

49 

Okanogan 

1.50 

452.37 

27.11 

1.50 

27.45 

15.96 

488.67 

17,273 

50 

Foster  Creek 

44.76 

0.28 

0. 45 

- - 

0.02 

45.50 

_ - 

51 

Nespelem 

0.31 

- - 

- - 

- - 

- - 

0.31 

52 

Sanpoi 1 

- - 

12.38 

2.14 

- - 

1.25 

0.03 

14.47 

- - 

53 

Grand  Coulee-Hawk  Cr. 

- - 

37.35 

1.13 

0.08 

- - 

0.04 

38.17 

20 

24/ 

58 

Ninemi le-Sherman  Cr. 

- - 

36.52 

10.72 

- - 

0.24 

0.04 

51.56 

14/ 

582 

■ 

Colville 

- - 

142.82 

11.71 

1.20 

17.02 

4.44 

223.74 

16/ 

918 

60 

Kett  le 

- - 

57.22 

4.99 

- - 

0.67 

57.92 

2 .000 

61 

Columbia- Deep  Cr. 

0 . 59 

22.82 

2.74 

0.16 

0.01 

41.01 

18/ 

Appropriat i ve  Totals 

24.64 

2,671.87 

353.13 

128.45 

611.74 

57.22 

1 ,051,953.57 

2,320,058 

Adjudicated  Rights 


Squi lchuck-Alkali  Cr. 

Lower  Crab  Creek 

Upper  Crab-Wilson  Cr. 

Wenatchee 

hnt i at 

Chelan 

Met how 
Okanogan 

Sinemi le- Sherman  Cr. 


107.97 
227.54  6/ 
9.32 
101.85 
4.  14 

265.33  U/ 
70.32 
289.74 
21.34 


103.96  5/ 
227.54  6/ 
5.27 

3.77 

265.38  UJ 
65.49 
205.08 


107.97  5/ 
227.54  6/ 
0.08 


263.59  U/ 
65.49 
199.39 
19.04  15/ 


108.17 

227.54 

9.40 

103.37 
4.44 

265.38 
70.36 

1 ,290.69  13/ 
21.51 


2 ,406 

314.952  25/ 


59  Colville 

1. 

00 

45, 

,82 

1.18 

0 

.51 

_ 

0 

.9b  68 

.90  17/ 

. _ 

60  Kett  le 

- 

5, 

.21 

0 . 40 

- 

0 

.40 

5. 

.61 

61  Columbia-Deep  Cr. 

- 

- 

0 

.43 

0.11 

- 

* 

0 

.11 

0 

.54 

Adjudicated  Totals 

6. 

63 

1,149, 

,01 

897.24 

0 

.56 

884 

.57 

2,175. 

.91 

3 1 T 

.358 

Combined  lota  Is 

31  , 

27 

3,820, 

,88 

1 ,250.37 

129 

.01 

bll 

.74 

941 

.79 

1 ,054,129. 

.48 

2,637 

.416 

(Approp.  f,  Adjud.) 

W Water  Resource  Inventory  Area  number  as  shown 
2 Total  prime  right  quantities  do  not  agree  with 

in  figure  121  . 
the  sum  of  the  uses 

because  ( 1 ) 

on  1 y 

the 

more 

important  use 

categories  are  listed,  and  (2)  water  right  quantities  that  are  common  to  two  or  more  uses  are  listed  under 
each  applicable  use  category. 

Includes  258,000.00  cfs  for  hydroelectric  power  generation. 

Includes  371,001.00  cfs  for  hydroelectric  power  generation. 

Quantities  are  common  with  irrigation  use. 

lTic  quantities  for  irrigation,  individual  and  community  domestic  supply  anu  stock  use  are  all  common 
Includes  185,300.0 0 cfs  for  hydroelect ric  power  generation. 

Includes  18.90  cfs  for  heat  exchange  use. 

Includes  47.75  cfs  for  hydroelectric  power  generation  and  500.04  cfs  for  fish  propagation  use. 

Includes  234,052.11  cfs  for  hydroelectric  power  generation. 

Nearly  all  of  the  quantities  for  irrigation,  individual  and  community  domestic  supply  and  stock  use  are  common. 
Includes  7.40  cfs  for  beat  exchange  use. 

Includes  1,000.00  cfs  for  hydroelectric  power  generation. 

Includes  13.70  cfs  for  hydroelectric  power  generation. 

Quantities  for  Individual  and  community  domestic  supply  are  common  with  quantity  for  irrigation  use. 

Include  78.00  cfs  for  hydroelectric  power  generation. 

Includes  5.00  cfs  for  hydroelect ric  power  generation  and  15.00  cfs  for  thermo-electric  power  generation 
Includes  15.34  cfs  for  hydroelectric  power  generation. 

Quantity  represents  the  storage  right  for  Priest  Rapids  Pool. 

Includes  341  ,000  acre  feet  for  W'anapum  Pool  and  113,700  acre  feet  for  Rock  Island  Pool. 

Quantity  represents  the  storage  right  for  Moses  Lake. 

Quantity  represents  the  storage  right  for  lintiat  Lake  (Rocky  Reach  Pool) 

Includes  640,000  acre  feet  in  Lake  Chelan  and  300,000  acre-feet  for  Wells  Pool. 

Ones  not  include  the  storage  quantity  in  Lake  Roosevelt. 

Includes  310,640  acre-feet  for  Moses  lake  of  which  290,400  acre  feet  is  m an  inchoat  status. 
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low  and  very  high  monthly  and  annual  flows  occurred  during  the  base 
period . 

Within  this  subregion,  two  streams,  Chelan  River  at  Chelan 
and  Wenatchee  River  at  Peshastin,  have  base  period  mean  discharges 
equal  to  about  97  and  98  percent  of  their  long-term  (56  and  32  years) 
mean.  Weather  records  show  that  precipitation  at  Stehekin  and  at 
Lake  Wenatchee  during  the  base  period  was  about  99  and  102  percent 
of  the  long-term  (46  and  47  years  in  1960)  mean.  Thus  the  selected 
base  period  provides  a representative  sample  for  statistical  analysis. 


Measurement  Facilities  Table  69  lists  the  selected  sites  and 
summarizes  pertinent  data  for  detailed  study  in  Subregion  2. 

Figure  122  shows  the  locations  of  the  selected  sites,  with 
Geological  Survey  identification  numbers.  One  selected  station, 
Okanagan  River  at  Okanagan  Falls,  B.  C.,  is  not  shown  on  figure  122. 
This  station  is  approximately  25  miles  north  of  the  station 
Simi lkameen  River  near  Nighthawk,  Washington.  The  first  two  digits 
of  the  identification  number,  part  number  (12),  have  been  omitted 
because  Subregion  2 lies  entirely  within  the  area  designated  as 
Part  12,  the  Washington  coast  and  the  Columbia  River  Basin  above 
Snake  River. 


Table  00  - St reatof  1 ow  Summary  tor  Selected  Sites, 
Sub  region  2 


st  ream 

St  at  i on 

st  at  ion 
Number 

Gage 

Datum 

Drainage 
area 
(sq  mi  ) 

iy  r i oil 
of 

Record 

\nnua ! 
i .. 

M<-  an 

1 low  1 
f S ) 

Ma  x 

Min 

loment  arv 

(cfs 

Ma  x 

. - . 
Min 

Columbia  River 

lntern.it  tonal 
Boundary 

3995 

0 

59,700 

37-65 

95,800 

129,400 

72. Mm 

550, 

100 

18.000 

Kettle  River 

lauricr 

4045 

1 ,425  5 

3 , 800 

29-65 

2 ,852 

4,159 

1 ,700 

35 , 

000 

88 

Colville  River 

Kettle  Jails 

4090 

1 ,500 

1 ,007 

22-65 

299 

540 

75 

3. 

2 3d 

1 

Columbia  River 

(i rand  Coulee 
Dam 

4 305 

0 

"4 , "00 

28-65  3/ 

103  ,900 

142 .400 

80 ,300 

6 3"* , 

800 

14 ,900 

ok  .mug  in 

Okanogan  ‘alls 

4385 

1 .092 . 82 

2 ,b50 

15-b5  4 

549 

1 .131 

52 

2 . 

Si  mi lkameen  River 

Nt  ghthawk 

4425 

1,137.70 

3,550 

11-65 

2 ,286 

3 .948 

1 ,092 

38  . 

700 

120 

Okanogan  River 

1 onasket 

44SO 

860 . "8 

7,280 

29-65 

2 ,894 

1 

1 .241 

40  , 

100 

126 

Me  thaw  River 

Twi  sp 

4495 

1 ,580 

1 ,330 

19-62  4 

1 ,3  "’6 

2.348 

68  1 

40  , 

HIMI 

134 

Chelan  River 

Chelan 

4525 

0 

924 

03-65 

2 ,003 

3 , 30  " 

1 .279 

16. 

>00 

0 

Wenatchee  River 

Peshast in 

4590 

1 ,028.04 

1 ,000 

28-65 

3,010 

5 ,386 

1 .729 

32, 

300 

183 

Crab  Creek 

l rby 

4b  50 

1 ,38b  30 

1 .042 

42-65 

96 

295 

31 

8 , 

370 

2 

Columbia  River 

Priest  Rapids 

4 "28 

0 

96  ,000 

; ■ 

I 14,100 

159 ,000 

86  ,600 

692 , 

>00 

4,120 

Ham 


l Regulated  values  tor  base  period  i riJ9-  1 T.  s pi'u  voinlitions 
2/  Observed  values  for  period  of  record. 

3 Denotes  Dther  short  periods  of  record 
f Discontinued. 


Average  Discharge  for  Subregion  2 Figure  123,  a plot  of 
table  70,  presents  data  on  monthly  discharge  produced  entirely 
within  Subregion  2.  These  data  are  determined  by  subtracting  the 
sum  of  the  Canadian  inflow  of  the  Simi lkameen,  Okanogan,  kettle, 
and  Columbia  Rivers  ana  of  the  Spokane  River  inflow  from  Subregion  1 
from  the  total  discharge  from  the  subregion  represented  by  the 
station  Columbia  River  below  Priest  Rapids  0am.  The  total  inflow 
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MEAN  ANNUAL  RUNOFF 
IN  INCHES 

UPPER  COLUMBIA  SUBREGION  2 


to  the  subregion  averages  approximately  96  percent  of  the  total 
discharge  from  the  subregion.  Table  70  presents  discharge  from 
the  subregion,  inflow  to  the  subregion  and  within-area  generated 
flow  of  the  subregion.  Figure  122  is  a map  of  isopleths  showing 
mean  annual  runoff  for  the  period  1931-1960. 


Average  Discharge  for  Selected  Stations  In  this  section  of 
the  report  detailed  data  for  each  of  the  selected  sites  listed  in 
table  69  are  presented.  The  monthly  discharges  used  for  each  of 
the  selected  sites  are  presented  in  tables  71  through  82.  Hydro- 
graphs for  several  conditions  of  flow  are  presented  in  figures  124 
through  135. 

Frequency  curves  of  mean  discharge  are  shown  on  figures  136 
through  147.  These  curves  present  both  the  highest  and  the  lowest 
average  flows  for  periods  of  1,  3,  6,  and  12  consecutive  months. 

The  mean  annual  flow  is  also  indicated. 

Duration  curves  for  monthly  and  annual  flows  are  presented 
in  figures  148  through  159.  The  daily  curves  are  shown  only  when 
data  are  available  from  Geological  Survey  daily  summaries  and  are 
for  the  entire  period  of  record.  The  discharge  for  the  maximum 
day  is  listed  on  the  graph  because  of  space  limitations. 

Frequency  curves  of  annual  peak  flows  are  shown  in  figures 
160  through  171.  These  curves  were  computed  using  the  standard 
method  of  the  Corps  of  Engineers  (Beard,  1962).  The  entire  period 
of  record  is  used  in  defining  these  curves. 

Dependable  yield  of  the  river  basins  is  given  in  tables  83 
through  94.  These  tables  show  the  lowest  mean  flows  for  from  1 to 
10  consecutive  years  out  of  the  30-year  base  period.  The  relation- 
ship of  these  means  to  the  30-year  mean  is  also  given.  The  minimum 
year  for  all  streams  ranges  between  78  and  9 percent  of  the  mean 
and  averages  about  50  percent  of  the  mean.  These  tables  show  that 
the  use  of  the  mean  annual  discharge  to  determine  the  total  amount 
of  water  available  in  a stream  is  not  realistic,  even  with  carryover 
storage.  'Hie  use  of  the  minimum  year  or  some  point  on  the  duration 
curve,  such  as  the  90  percent  point,  presents  a more  practical 
approach  to  estimating  the  total  amount  of  water  that  could  be  made 
avai lab le . 


Variations  in  Discharge  Long-term  variations  in  discharge 
and  precipitation  are  presented  in  figures  172  and  173.  The  means 
for  the  base  period  and  for  the  entire  period  of  record  are  shown. 
The  mean  precipitation  of  39.53  inches  at  Lake  Wenatchee  and  33.01 
inches  at  Stehekin  for  the  30-year  base  period  are  about  102  and 
99  percent  of  the  long-term  (46  and  47  years  in  1960)  mean.  This 
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indicates  that  the  selected  base  period  is  representative  of  the 
long-term  period.  Also,  the  graphs  show  that  the  maximum  and  mini- 
mum of  record  occurred  during  the  base  period  which  again  gives 
more  meaning  to  the  base-period  record.  The  base-period  discharge 
is  about  98  and  97  percent  of  the  long-term  mean  indicating  that 
the  data  used  in  the  analyses  represent  average  conditions.  The 
ratios  of  base-period  discharge  to  long-term  mean  at  other  sites 
are  similar.  The  graphs  also  present  5-year  moving  averages  for 
precipitation  and  discharge.  These  averages  show  the  relationship 
between  precipitation  and  discharge.  The  data  presented  indicate 
no  long-term  trend,  either  declining  or  increasing,  or  long-term 
rhythmic  cycle  of  precipitation  or  discharge. 

The  duration  curves  for  selected  sites  are  shown  in  figures 
148  to  159  and  show  the  range  in  annual  flows.  The  range  in  annual 
flows  during  the  30-year  base  period  varies  considerably  between 
some  stations.  The  annual  flow  of  maximum  year  varies  between  about 
2 and  20  times  the  flow  of  minimum  year. 

Seasonal  variations  in  runoff  are  clearly  shown  in  the 
hydrographs  of  figures  124  to  135.  Six  of  the  12  hydrographs  show 
the  spring  runoff  pattern  exclusive  of  any  winter  flood  pattern. 

Five  show  regulation,  four  of  which  are  regulated  for  power.  The 
remaining  hydrograph  indicates  an  exclusive  rainfall  pattern, 
primarily  during  the  winter  months.  The  Columbia  River  has  the 
smallest  variation  in  monthly  flows  due  to  the  size  of  its  drainage 
area  and  regulation. 

River  Profiles  River  profiles  for  selected  streams  are 
shown  in  figures  174  to  176.  The  profiles  are  based  on  Columbia 
Basin  Interagency  Committee  River  Mile  Indexes. 

Stream  gradients  are  generally  very  steep.  I'he  Wenatchee 
River  flows  from  an  elevation  of  about  1.S70  feet  to  an  elevation 
of  about  620  feet  within  60  miles.  One  of  the  tributary  creeks  of 
Chelan  River  drops  from  elevation  4,450  feet  to  l.ake  Chelan, 
elevation  1,100  feet,  within  5 miles.  The  Columbia  River  flows 
through  the  subregion  for  about  400  miles  and  from  an  elevation  of 
about  1,300  feet  to  about  340  feet.  With  such  gradient  and  largo 
consistent  flows,  there  is  considerable  hydroelectric  power 
generation  on  the  Columbia  River. 

(Narrative  continued  on  page  255) 


W 


Table  70  - Modified  Mean  Pischarge,  in  CFS,  in  Upper  Columbia  Subregion 
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Twenty  percent  and  80  percent  represent  the  runoff  available  20  percent  and  80  percent  of  the  time. 


Table  7 

! Mean 

. Qi$charK£S,  in  CFS 

L.  Columbia  River 

at  International 

Boundary 

Water 

Mean 

Oc  t . 

Nov . 

Dec  . 

Jan. 

Feb. 

Mar . 

Apr . 

May 

June 

July 

Au|S. 

Sept  . 

Annual 

1928 

201930 

111500 

81000 

1929. 

73300 

68200 

91800 

93300 

91200 

55000 

45600 

74600 

80400 

88400 

106  700 

86  700 

79600 

1930 

79700 

82200 

95  300 

88000 

53300 

47500 

64000 

91200 

108900 

95400 

104300 

81700 

82600 

1931 

77500 

81100 

92  300 

72800 

53800 

49700 

52200 

76600 

138100 

100900 

104000 

76800 

81300 

1932 

82  400 

81700 

84000 

61800 

44200 

54500 

78700 

151000 

176300 

71800 

105600 

79900 

89300 

1933 

81500 

53800 

86600 

115000 

111700 

46200 

93900 

153800 

231800 

144200 

117400 

86300 

110200 

1934 

bo*00 

62  700 

91400 

93100 

161900 

153200 

195800 

197600 

141200 

10*200 

10*700 

90o0U 

125*00 

1935 

73200 

5 7800 

93800 

115300 

102200 

83200 

74500 

110500 

150500 

119500 

97300 

86000 

97000 

1936 

81000 

77000 

99400 

108900 

64300 

58400 

6 7000 

136600 

98200 

83300 

100300 

80300 

M 7900 

1937 

80300 

79600 

97100 

88600 

70500 

40800 

48600 

62200 

75700 

79400 

104100 

81700 

75  700 

1938 

80500 

71800 

73000 

93800 

83900 

42100 

74400 

115600 

143500 

143100 

91200 

81600 

91200 

1939 

73000 

6 7800 

82500 

116300 

72100 

63700 

56100 

119900 

98600 

90200 

99900 

81500 

85100 

1940 

81000 

73400 

78500 

122  700 

79000 

59000 

56400 

91100 

107600 

97700 

102000 

83900 

86000 

1941 

75900 

66  700 

79800 

86300 

71300 

61200 

72400 

61300 

108000 

87100 

99400 

74600 

78  700 

1942 

81600 

66600 

64700 

95400 

93200 

61800 

63600 

108800 

121500 

9 7 300 

102  700 

77500 

86200 

1943 

78300 

51700 

71300 

91000 

93300 

63300 

116800 

160200 

144200 

117200 

93600 

76900 

96  500 

1944 

71800 

6 7500 

85500 

89400 

86200 

56200 

4 7000 

73100 

93800 

77300 

97700 

75400 

76  700 

1945 

80200 

79700 

86000 

62100 

46100 

42900 

46  300 

69100 

106800 

80500 

102500 

77100 

73300 

1946 

76600 

72000 

77900 

78400 

68400 

41300 

74600 

146500 

163600 

118900 

93900 

78500 

90900 

1947 

68500 

67700 

74700 

100400 

99700 

97200 

124800 

162500 

161300 

130400 

90900 

74400 

104400 

1948 

84300 

77100 

96800 

95900 

141600 

113400 

109300 

160700 

201200 

165400 

114600 

83800 

120300 

1949 

74200 

69300 

85300 

114200 

80600 

40500 

80400 

129700 

141400 

75500 

96400 

77500 

88700 

1950 

69400 

55000 

90700 

111000 

92000 

77400 

100800 

146500 

211900 

172900 

110000 

85100 

110200 

1951 

80600 

71600 

80800 

89500 

147200 

119700 

141500 

163100 

161800 

156700 

103000 

77500 

116100 

1952 

81000 

82000 

96000 

110600 

95400 

57500 

99300 

149900 

134700 

1 33700 

91700 

7 7400 

100800 

1953 

79000 

77200 

95400 

78200 

78500 

50300 

72  900 

131400 

164000 

116200 

95  700 

76200 

92900 

1954 

74400 

78300 

95400 

108100 

90200 

77700 

95500 

181100 

210400 

194  700 

149000 

94  ->00 

120700 

1955 

83300 

86300 

109100 

120000 

104400 

64400 

85500 

70000 

175800 

153200 

102600 

76300 

102600 

1956 

82  700 

72600 

73700 

86  700 

147800 

137700 

12  7400 

185400 

173900 

173900 

101600 

... 

120200 

1957 

75200 

70100 

92  300 

120600 

85500 

44600 

82  900 

155900 

171600 

117300 

95800 

78800 

99200 

1958 

69400 

66100 

72400 

106800 

74100 

62300 

88000 

143200 

165000 

Mean 

7 7900 

71800 

36400 

97100 

89*00 

6 7400 

84500 

126000 

145400 

119700 

103000 

80600 

9 >800 

I 


I. 


Tab] 

v 72. 

Observed 

Mean  Discharges , 

in  CFS,  Kettle  River 

near 

Laur ler , 

Washington 

Water 

Year 

Oct . 

Nov . 

Dec  . 

Jan . 

Feb. 

Mar. 

Apr . 

May 

June 

July 

A>iK. 

opt . 

Annual 

1929 
19  30 

184 

202 

154 

77 

98 

212 

3500 

42  50 

4450 

1340 

348 

194 

1250 

1931 

210 

225 

208 

194 

222 

575 

2680 

8890 

5310 

2110 

437 

398 

1800 

1932 

340 

400 

339 

2 30 

338 

705 

6940 

14200 

9590 

1850 

540 

388 

2990 

1933 

390 

692 

916 

6 36 

519 

6 70 

4 790 

13500 

14000 

4440 

766 

458 

• 

1934 

800 

1562 

1101 

890 

975 

2041 

12170 

9898 

3783 

759 

307 

231 

2875 

1935 

322 

1551 

971 

807 

1407 

1163 

3 766 

11570 

9683 

4355 

1089 

462 

3101 

19  " 

381 

402 

311 

2 74 

215 

330 

66  72 

10820 

6286 

1636 

455 

313 

2342 

1937 

26  5 

206 

1 1 3 

131 

131 

260 

1478 

8608 

8862 

2073 

552 

293 

1925 

1938 

334 

56  7 

540 

609 

513 

1270 

7017 

13940 

7768 

1588 

431 

311 

2916 

1939 

358 

366 

324 

392 

334 

712 

6118 

10710 

5959 

2148 

445 

2 76 

2 352 

19  *0 

247 

32  3 

5 74 

433 

445 

1616 

7239 

11640 

5486 

781 

376 

228 

2451 

1941 

350 

>06 

457 

486 

497 

2822 

7999 

9304 

6545 

3161 

998 

3773 

3078 

1942 

3815 

2600 

2652 

1450 

1164 

983 

6 76  7 

1 1 900 

10640 

3836 

1490 

62  7 

V005 

1943 

443 

384 

37  i 

371 

321 

390 

5226 

7047 

799  5 

2600 

580 

333 

2173 

1944 

318 

338 

283 

264 

2 78 

340 

2 728 

8509 

6 79m 

1381 

648 

602 

1874 

1945 

1096 

1319 

657 

615 

600 

777 

2921 

15710 

11170 

1841 

468 

334 

3137 

1946 

310 

450 

440 

435 

426 

862 

7100 

1 7390 

900m 

2541 

5b4 

390 

3340 

379 

346 

345 

393 

599 

1031 

4 709 

9477 

4885 

1536 

665 

426 

2072 

■ ■ 

1349 

1650 

956 

681 

497 

550 

39  38 

18000 

14  700 

2767 

2922 

1270 

U12 

1949 

1092 

824 

577 

455 

448 

844 

6b8  7 

13820 

4363 

1119 

5 71 

359 

2609 

1950 

344 

470 

578 

373 

*26 

571 

2 392 

10150 

13460 

2931 

735 

331 

2 734 

1951 

703 

956 

1253 

1074 

1098 

1244 

77  76 

16  390 

7801 

2558 

581 

567 

3511 

1952 

1624 

106  3 

840 

776 

673 

756 

9732 

16770 

7946 

2806 

6 74 

355 

36  72 

195  3 

248 

238 

2 32 

2 76 

308 

439 

2144 

11210 

12200 

4220 

1080 

794 

• 

1954 

834 

999 

690 

i ■ i 

673 

752 

2303 

14350 

10440 

5 765 

1660 

2203 

3454 

1955 

1400 

1918 

1695 

1035 

869 

661 

2043 

8600 

14480 

5273 

1330 

497 

3321 

1956 

807 

899 

656 

602 

421 

66  7 

8486 

1 7760 

11210 

2973 

683 

425 

3802 

195  7 

584 

508 

449 

337 

370 

542 

2631 

18070 

5553 

1479 

1002 

424 

2686 

1958 

4 30 

482 

399 

395 

S98 

2127 

55  77 

16020 

66  72 

1826 

424 

351 

2 960 

Mean 

688 

7 74 

660 

526 

54m 

894 

5294 

12  362 

8518 

2567 

800 

601 

2852 

« 
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lahli-  “1. 

Mi»i  i f it 

:-d  Mean  Di 

sch.ir^i'j 

in  CFS , 

Co  1 umb i a 

River  at 

Grand  Coulee  Dam. 

Washington 

Water 

Year 

Oct . 

Nov. 

Dec  . 

Jan . 

Feb. 

Mar. 

Apr . 

Mav 

June 

July 

Aug. 

Sept . 

Annua  1 

1928 

200300 

99500 

8 3600 

1929 

75600 

71800 

95500 

98200 

104100 

b8900 

84300 

36600 

48200 

74600 

92100 

88900 

79900 

1930 

82400 

84300 

98300 

88100 

86100 

78000 

65200 

69300 

74800 

90200 

92800 

8 7100 

83100 

1931 

82  300 

85600 

96400 

78200 

86200 

85 100 

70100 

70200 

95900 

94800 

93700 

81.00 

850  J 

1912 

83400 

8 3700 

97700 

89200 

104200 

69100 

844  00 

145400 

139400 

61100 

92400 

84 200 

1933 

85500 

60900 

94400 

121000 

160700 

94  700 

1 1 7400 

179400 

158700 

148b00 

. . . 

93000 

118900 

1934 

92  4 00 

90900 

117700 

128500 

192b00 

184200 

214300 

189600 

145100 

96100 

95400 

95  300 

I3b800 

1935 

moo 

63500 

101300 

124100 

’20300 

103600 

112500 

137900 

12  7800 

116300 

88500 

90700 

105300 

193b 

84900 

80900 

103200 

114600 

75300 

75600 

81400 

150200 

107700 

78 800 

91000 

84400 

94000 

1937 

83600 

83300 

101000 

92200 

9 'Him 

79500 

60100 

64800 

49700 

79900 

98600 

86600 

81200 

1938 

84000 

77  700 

1 

104600 

118200 

82  900 

107900 

126100 

126100 

143900 

85200 

85400 

102000 

1939 

72100 

86800 

122100 

86100 

79500 

105700 

96  300 

103000 

88900 

93600 

85900 

91500 

1940 

82000 

78300 

83900 

12  7 700 

95000 

84000 

106100 

79100 

92400 

90600 

91700 

8 7900 

91600 

1941 

78900 

71900 

8 7000 

94100 

86800 

81500 

124300 

70100 

62400 

78900 

88200 

83600 

84000 

1942 

9 f 300 

75100 

83300 

105500 

1 1 0800 

79200 

108200 

92200 

134000 

95200 

95000 

81700 

95600 

1943 

81500 

58400 

78300 

97000 

143200 

11 1600 

123300 

186200 

100400 

118400 

85  700 

80700 

105400 

1944 

75400 

70900 

90000 

94500 

104000 

72  700 

83100 

77000 

51700 

6 9400 

88100 

79100 

79600 

1943 

83900 

84400 

976  00 

80500 

86  300 

81200 

72100 

103200 

40000 

78400 

92  700 

81300 

81800 

1948 

79800 

7 7900 

86900 

87400 

112000 

86  500 

108900 

154900 

143100 

115100 

8’. -6  00 

83400 

101600 

194  7 

72400 

75600 

87500 

109600 

132000 

129800 

146500 

156800 

1 39000 

12  3 700 

83000 

79300 

11(300 

1948 

91200 

86400 

166100 

107300 

1 96 1 00 

16  3000 

137000 

180200 

190500 

164400 

108  300 

886f«' 

1 34  900 

194  9 

77800 

744  00 

90600 

120100 

105300 

73900 

114900 

12  7400 

139700 

65100 

83000 

802 1 

96  000 

1950 

72500 

59900 

117100 

147100 

13 8700 

129000 

176500 

1 54800 

1 79100 

96000 

66400 

121100 

1951 

83800 

77000 

93100 

102200 

212300 

1 74800 

1 79000 

156200 

I 3 7800 

158000 

98000 

82100 

129500 

1952 

8 7900 

89600 

104500 

1 1 9500 

146500 

107400 

123100 

162300 

1 1 7400 

132  100 

80300 

80000 

1 12600 

195  3 

80800 

78900 

99200 

87400 

1 1 5400 

82400 

92900 

15  7 300 

144200 

120800 

89200 

81^00 

102500 

1954 

77500 

8 1 900 

101500 

114200 

145900 

129600 

1 16500 

180900 

1 93900 

1 99  300 

148600 

103000 

1 32  700 

1955 

88800 

92  300 

115 900 

125800 

1 3 7000 

95400 

101600 

i i 

148200 

152900 

97000 

79600 

110500 

1956 

88000 

80400 

88400 

98400 

198500 

193200 

2 00400 

160400 

1 70800 

93500 

8 1 500 

134600 

195  7 

7 9 J 00 

74500 

98600 

126800 

1 36800 

94100 

10b 2 00 

■ • ■ 

145200 

107600 

85800 

82000 

107200 

1958 

72  900 

70900 

78500 

1 16600 

117700 

94800 

115100 

1-4801)0 

149500 

Mean 

81700 

77100 

94  700 

106400 

125300 

102  700 

111800 

131200 

120700 

1 16400 

94100 

85000 

103900 

230 


Observed  Mean  Discharges,  in  CFS , Okanagan  River  at  Okanagan  Falls,  British  Columbia 


r ,th  1 e 7(i.  Observed  Mean  Discharg 


in  CFS,  Simi lkameen  River  near  Nighth awk , Wa i h i n g t o n 


fable  77.  Observed  Mean  Discharges , In  GFS , Ok  mi  gan  Rlv<  i ear  m»ket,  Wa 


Water 

Year 

Oct. 

Nov . 

Dec  . 

Jan . 

Feb . 

Mar . 

Apr . 

May 

June 

July 

Aug. 

Sept. 

Annua  I 

192  9 

3890 

5530 

1330 

406 

270 

1930 

416 

413 

399 

360 

581 

529 

3240 

5090 

5660 

1840 

515 

365 

1620 

1931 

442 

588 

443 

439 

600 

525 

770 

5630 

2730 

908 

231 

335 

1140 

1932 

403 

66  3 

491 

398 

883 

2060 

2 920 

8620 

6840 

2270 

915 

696 

2260 

1933 

887 

1870 

1850 

1500 

1040 

916 

1980 

7200 

13300 

5940 

1810 

1090 

3280 

1934 

2113 

3233 

2437 

2011 

1861 

2855 

13220 

12270 

6214 

2114 

1055 

626 

4168 

1935 

950 

2203 

1755 

1388 

2889 

1896 

2011 

9283 

10710 

4 72  7 

1881 

1251 

3*09 

1936 

1312 

1359 

1199 

944 

613 

701 

2942 

8845 

6484 

1930 

885 

706 

2 330 

1937 

842 

895 

328 

504 

532 

704 

1258 

6485 

11950 

3382 

958 

73 1 

2424 

1938 

1059 

1496 

1415 

1394 

1345 

1658 

3841 

11860 

9384 

2 388 

711 

574 

3100 

1939 

736 

784 

821 

92  7 

611 

849 

2 946 

7356 

5535 

2 321 

696 

516 

2015 

1940 

658 

929 

1253 

715 

675 

704 

2236 

5219 

2964 

605 

319 

231 

1377 

1941 

710 

712 

739 

700 

687 

95  7 

3054 

3790 

3720 

1553 

662 

1492 

1565 

1942 

2756 

2181 

2307 

1800 

1515 

1008 

2897 

8632 

9640 

3932 

2064 

1406 

3352 

1943 

1352 

1576 

1598 

1115 

1317 

1101 

3766 

646  7 

10170 

542  3 

1270 

575 

2980 

1944 

655 

731 

594 

492 

656 

539 

944 

4747 

7925 

2005 

601 

515 

1697 

1945 

764 

893 

1026 

1193 

1262 

1121 

1339 

8148 

11250 

2 796 

1030 

707 

2629 

1946 

1117 

180  7 

1551 

1414 

1176 

1408 

2964 

13320 

9787 

3942 

1615 

1335 

3466 

1947 

1455 

1445 

1326 

1144 

951 

1023 

2941 

9161 

5761 

1742 

824 

757 

2380 

1948 

1194 

1223 

1188 

1259 

1051 

748 

1620 

10980 

20450 

502.5 

3928 

3039 

4 302 

1949 

2 788 

2556 

2171 

1865 

1805 

1768 

3689 

15530 

8336 

2659 

1349 

? ?«7 

3824 

1950 

1336 

2200 

2526 

1166 

1568 

2 382 

2575 

8762 

19360 

6152 

1966 

964 

4246 

1951 

1384 

1812 

2 342 

1984 

2380 

202  7 

4583 

15710 

11600 

4596 

1708 

1659 

4324 

1952 

1746 

1765 

1359 

1246 

1527 

1329 

3093 

10560 

6459 

3074 

1293 

1085 

2882 

1953 

1072 

778 

6 74 

75  7 

950 

770 

1384 

9323 

10510 

4607 

1557 

1211 

2807 

1954 

1441 

1635 

1459 

1141 

1570 

1307 

1343 

9937 

12940 

9510 

3031 

2513 

3998 

1955 

2093 

2618 

2419 

1745 

1469 

1265 

1508 

462  7 

15160 

7179 

2317 

1402 

3655 

I 4 >6 

1782 

2653 

1365 

1450 

1120 

1541 

3553 

14460 

13020 

4953 

1693 

1097 

4062 

1957 

1657 

1629 

1691 

1164 

1262 

1322 

1694 

16010 

7601 

2325 

1265 

1138 

3249 

1958 

1325 

1206 

1205 

1169 

1188 

1 194 

20t0 

986  J 

5522 

1689 

728 

814 

2339 

Mean 

1257 

1512 

1394 

1151 

1210 

1249 

2840 

9059 

921  7 

3491 

1329 

1017 

2894 

Table 

78.  Observed  Mean 

Di  scharg* 

»s , in 

CFS , Met how  River 

at  Twisp, 

Washington 

Water 

Year 

Oct. 

Nov . 

Dec  . 

Jan . 

Feb. 

M.tr . 

Apr . 

Mav 

June 

PHI 

.pm 

Sept . 

Annua  1 

1928 

1030 

6110 

2810 

1270 

316 

214 

1929 

268 

2 74 

253 

199 

183 

205 

180 

2020 

2 790 

588 

185 

148 

609 

1930 

209 

233 

208 

183 

238 

280 

2270 

3100 

3440 

1060 

314 

228 

980 

1931 

245 

301 

2 34 

229 

249 

279 

772 

3540 

2080 

588 

223 

236 

752 

1932 

2 36 

319 

247 

226 

356 

990 

1550 

4540 

36  70 

1010 

32  9 

222 

1140 

1933 

289 

6 76 

307 

345 

257 

313 

1090 

36  50 

6590 

3020 

633 

321 

1480 

1934 

732 

1183 

876 

552 

611 

1773 

7692 

5974 

3544 

968 

32  3 

212 

2036 

1935 

258 

708 

613 

578 

958 

730 

12  78 

5312 

6257 

2188 

561 

302 

1645 

1936 

262 

304 

251 

2 30 

209 

204 

1372 

3481 

3368 

532 

195 

196 

883 

1937 

189 

244 

223 

178 

185 

212 

310 

3110 

6851 

1674 

338 

270 

1148 

1938 

392 

5 74 

415 

361 

322 

498 

2052 

6655 

5772 

13  79 

297 

2 30 

1583 

1939 

283 

311 

280 

275 

248 

311 

1405 

2955 

1981 

853 

221 

198 

779 

1940 

204 

2 34 

261 

209 

2 30 

331 

1353 

4506 

2540 

468 

205 

176 

895 

1941 

330 

406 

314 

281 

2 70 

619 

2 765 

3180 

2777 

726 

318 

66^ 

1054 

1942 

845 

666 

577 

335 

356 

355 

1883 

58  76 

4648 

1528 

422 

210 

1480 

194  3 

2 33 

300 

261 

228 

275 

311 

2265 

3405 

5496 

3051 

594 

220 

1388 

1944 

280 

312 

267 

243 

231 

248 

631 

2979 

3321 

765 

257 

164 

808 

1945 

258 

292 

264 

261 

254 

269 

495 

4035 

5198 

1199 

271 

194 

1084 

1946 

282 

453 

308 

287 

287 

341 

1645 

7695 

5003 

1926 

482 

36  3 

1597 

194  7 

380 

351 

292 

248 

280 

733 

2229 

5190 

3300 

96  5 

340 

2 36 

1216 

1948 

4 39 

52  3 

438 

310 

2 98 

282 

876 

6052 

7985 

1971 

1185 

565 

1743 

1949 

6 34 

4 34 

343 

269 

240 

344 

2208 

7491 

3683 

1288 

430 

299 

1480 

1950 

355 

636 

748 

399 

358 

357 

94  7 

4761 

11030 

394  3 

865 

257 

20  j6 

1951 

525 

612 

553 

491 

762 

616 

3632 

9385 

6538 

2426 

668 

493 

2231 

1952 

566 

504 

356 

324 

297 

36  3 

1991 

5770 

3434 

144 1 

464 

255 

1317 

1953 

301 

285 

247 

257 

261 

378 

1052 

562  1 

6503 

3181 

673 

2 76 

1592 

1954 

456 

456 

371 

302 

318 

349 

855 

5880 

&063 

4392 

1205 

694 

1788 

195S 

572 

702 

62  7 

416 

336 

316 

637 

2501 

772  1 

2937 

721 

323 

1484 

1956 

548 

989 

526 

3 77 

2 74 

321 

2910 

9256 

7006 

2461 

697 

394 

2149 

1957 

536 

521 

459 

322 

338 

36  3 

1124 

9515 

382  5 

942 

362 

195 

1553 

1958 

J**2 

349 

292 

268 

299 

404 

1144 

8202 

3793 

981 

282 

235 

1392 

Mean 

382 

4 72 

387 

306 

326 

436 

1687 

>188 

48/4 

1691 

470 

292 

1376 

23: 


u.  m 


Observed  Mean  Discharr>  , xn  CFS , Chelan  River  at  Chelan,  Washington 


( 


Yi  : 

Oct. 

Nov. 

Dec. 

Jan . 

Feb. 

Mar . 

Apr. 

May 

June 

Julv 

Auk. 

Sept  . 

Annua  1 

657 

2860 

2850 

1420 

1680 

1929 

1250 

1520 

1790 

2340 

2310 

654 

356 

168 

235 

1600 

2090 

2410 

1390 

1930 

2370 

2310 

1840 

1430 

138 

43 

72 

154 

890 

2210 

2200 

1 760 

1300 

1931 

1550 

1650 

2040 

1400 

42  7 

209 

171 

770 

3280 

2020 

22  70 

2280 

1510 

1932 

2150 

1360 

1200 

336 

473 

665 

880 

3970 

4950 

2570 

1500 

1390 

1790 

1933 

1790 

764 

2270 

1160 

1820 

1850 

588 

1240 

6520 

5290 

2300 

1350 

2250 

1934 

2457 

3287 

2804 

2577 

2958 

1048 

4416 

6731 

4462 

2765 

2196 

2005 

3139 

1935 

2007 

787 

844 

1516 

3949 

2047 

872 

2490 

5 796 

3593 

2155 

2237 

2 344 

1936 

2183 

1997 

2119 

1581 

1461 

36  7 

386 

538 

386  7 

1919 

2156 

2183 

1727 

1937 

2150 

2106 

1810 

1338 

1178 

6 76 

899 

544 

1268 

3387 

2197 

2166 

1647 

1938 

2125 

2050 

1475 

1155 

906 

868 

746 

3137 

6293 

3193 

2140 

2126 

2188 

1939 

2165 

2164 

2130 

899 

694 

931 

765 

86  3 

1193 

26  70 

2133 

2105 

1566 

1940 

2198 

2221 

2189 

1788 

980 

1073 

916 

597 

2319 

2308 

2200 

2086 

1742 

1941 

2143 

2111 

1299 

1204 

962 

931 

350 

118 

2176 

1791 

1841 

1552 

1374 

1942 

718 

829 

1158 

1418 

1302 

1050 

980 

2491 

3249 

2677 

1374 

1540 

1567 

1943 

1884 

1426 

902 

1395 

1302 

1676 

979 

960 

-.691 

5117 

2188 

1995 

2046 

1944 

2059 

2116 

1891 

14  78 

210 

174 

23 

60 

1068 

1475 

1467 

1941 

1167 

1945 

1984 

2022 

1957 

1144 

146 

199 

820 

893 

3051 

2504 

1741 

2065 

1550 

1946 

2124 

1652 

1294 

1399 

1829 

1442 

1549 

1934 

4238 

3786 

2222 

2183 

2137 

1947 

2024 

lb98 

1465 

1783 

1535 

1667 

1182 

1961 

3018 

2468 

2220 

2065 

1943 

1948 

969 

914 

1236 

2087 

1749 

1430 

1140 

2 308 

9566 

2802 

2251 

202  7 

2341 

1949 

1842 

1890 

2365 

2320 

1798 

1 191 

1200 

1766 

36  36 

3102 

2202 

2157 

2124 

1950 

2160 

1649 

1371 

2125 

1512 

1379 

965 

4040 

6713 

6451 

2477 

1355 

2693 

1951 

952 

1253 

1725 

1679 

4308 

2260 

2657 

6295 

5576 

4305 

1651 

1729 

2855 

1952 

651 

1988 

1855 

3651 

1733 

1446 

1472 

1400 

1499 

2257 

1628 

2063 

1805 

1953 

1737 

206  7 

1675 

1651 

1722 

2016 

1700 

1496 

797 

4078 

1967 

1965 

1910 

1954 

1623 

2070 

2206 

2197 

1933 

2072 

1089 

2333 

3284 

6340 

2980 

2137 

2531 

1955 

2188 

2213 

22  32 

2227 

2192 

2155 

1563 

97 

2502 

4590 

2366 

2098 

2203 

1956 

1647 

1247 

1886 

1761 

304  7 

2325 

1624 

5660 

7133 

5386 

2126 

2033 

2 989 

1957 

2224 

2283 

2307 

2302 

2239 

2093 

1179 

1302 

5053 

2292 

1160 

2236 

2217 

1958 

228b 

2317 

2303 

2222 

1504 

1910 

1273 

7 72 

406  3 

2178 

977 

2130 

1994 

Mean 

1854 

1805 

1788 

1719 

1611 

1262 

1094 

1903 

3746 

3260 

202  7 

1 954 

2003 

Table  SO. 

Observed  Mean 

Discharges 

, in  CFS 

. Wenatchee  River 

at  Peshastin,  Washington 

Water 

Year 

Oct . 

Nov . 

Dec. 

Jail . 

Feb. 

Mar. 

Apr. 

Mav 

June 

July 

Aug. 

• ; i • 

Annua  1 

1929 

1170 

710 

5 70 

450 

450 

806 

1480 

6360 

6680 

26  70 

862 

442 

1890 

1930 

376 

329 

474 

421 

953 

1680 

4930 

5030 

4510 

2420 

783 

458 

1860 

1931 

577 

697 

482 

700 

1220 

1540 

2 760 

82  30 

5590 

1730 

572 

506 

2050 

1932 

509 

1220 

62  7 

895 

2160 

3530 

♦410 

8130 

8980 

4050 

1300 

602 

3030 

1933 

86  7 

4460 

2710 

1680 

961 

971 

2 900 

5920 

11700 

8580 

2820 

1250 

1 74 

1934 

3640 

4546 

5648 

3697 

3042 

5172 

11250 

8911 

b079 

2644 

1119 

683 

4 706 

1935 

1086 

3897 

1888 

3505 

3131 

2095 

2 780 

8208 

9941 

4945 

1447 

854 

3644 

1936 

612 

525 

497 

550 

486 

1018 

4693 

11090 

8934 

2257 

790 

588 

2671 

1937 

475 

339 

728 

493 

476 

839 

192  3 

6602 

11440 

4481 

1071 

637 

246  3 

1938 

720 

1778 

1697 

1445 

872 

1294 

4696 

977' 

10070 

3345 

816 

522 

3091 

1939 

622 

845 

1310 

1841 

901 

1372 

4234 

7447 

5516 

3481 

981 

495 

2429 

1 940 

611 

1151 

2037 

883 

92  3 

1856 

4 385 

7773 

5214 

1586 

660 

543 

2 304 

1941 

1045 

778 

1072 

64  3 

618 

1867 

4334 

4414 

3191 

1164 

587 

953 

1725 

1942 

2089 

1761 

2308 

887 

705 

880 

366  . 

5770 

5499 

2801 

789 

426 

2 305 

1943 

336 

782 

1122 

1190 

972 

1239 

5501 

6854 

10070 

7572 

i835 

688 

3186 

1944 

62  7 

647 

: . ... 

616 

651 

1126 

2 518 

5677 

5062 

1576 

577 

766 

1775 

1945 

780 

846 

1293 

2125 

1855 

1090 

1712 

7404 

6809 

2667 

785 

682 

2339 

1946 

1044 

1452 

820 

849 

657 

1113 

3418 

12110 

9592 

4993 

1394 

683 

3191 

194  7 

930 

849 

186  3 

1457 

1822 

2884 

5250 

10140 

7097 

3265 

1125 

733 

3125 

1948 

2 306 

2288 

1576 

1050 

979 

972 

2441 

9433 

14750 

42  34 

1639 

93  3 

3547 

1949 

1507 

1161 

1175 

689 

989 

1450 

12410 

9379 

4560 

1533 

1046 

3385 

1950 

1455 

4001 

2965 

1495 

1121 

1843 

2539 

7448 

14650 

9491 

2687 

1017 

4237 

1951 

2255 

2893 

3563 

2194 

3944 

1862 

5379 

11250 

9 754 

4651 

1357 

802 

• • 

1952 

1848 

1765 

1081 

809 

830 

948 

3979 

8314 

6723 

336  7 

1081 

615 

. < • 

1953 

463 

384 

421 

2076 

2917 

1588 

2 8.-i  i 

7955 

8183 

..... 

196  7 

802 

3045 

1954 

979 

1558 

204  3 

1371 

1143 

1325 

2 729 

9400 

102  30 

10350 

4003 

1 746 

3928 

1955 

1 329 

2889 

17  32 

1019 

1 140 

880 

1706 

5305 

13320 

7695 

2420 

942 

3369 

1956 

2034 

2107 

1213 

906 

1001 

5719 

13800 

13030 

8358 

2149 

1105 

4666 

1853 

3 794 

1199 

932 

14  74 

3348 

12430 

772  3 

2577 

1069 

699 

3267 

903 

_ 992 

873 

1330 

1594 

3009 

12  390 

2019 

808 

653 

2 755 

’ [668 

12  77 

1301 

1577 

1838 

8533 

8482 

4428 

138/ 

752 

3010 

r 

t 


f 

K 

4 

i 


't* 

< 


I 


233 


Table  81 


Observed  Mean  Discharges,  in  CFS , Crab  Creek  at  Irby,  Washington 


Water 


Yea  r 

Oct . 

Nov. 

Dec. 

Jan . 

Feb. 

Mar. 

Apr . 

May 

June 

Julv 

Aug. 

bei't  . 

1942 

12 

1943 

9 

9 

9 

12 

70 

122 

202 

97 

58 

40 

29 

1944 

16 

15 

18 

30 

160 

138 

61 

27 

24 

19 

15 

1945 

8 

6 

6 

12 

181 

62 

59 

24 

20 

19 

12 

1946 

7 

6 

35 

106 

290 

228 

112 

59 

45 

29 

19 

1947 

13 

1 1 

13 

29 

103 

08 

32 

24 

16 

12 

8 

1948 

6 

5 

5 

14 

241 

132 

61 

164 

451 

109 

61 

1949 

35 

29 

36 

35 

814 

447 

156 

78 

42 

30 

21 

1950 

14 

16 

14 

23 

529 

96  7 

193 

88 

70 

42 

30 

23 

1951 

19 

17 

22 

49 

-.24 

497 

195 

a 

56 

32 

23 

1952 

20 

22 

25 

35 

279 

260 

195 

82 

46 

31 

22 

16 

1953 

17 

17 

22 

53 

92 

89 

60 

35 

28 

19 

13 

10 

1954 

10 

12 

14 

20 

128 

140 

64 

29 

26 

18 

11 

10 

40 

1955 

11 

13 

20 

72 

303 

166 

79 

42 

22 

18 

14 

10 

1956 

8 

8 

295 

1163 

510 

1141 

248 

83 

47 

29 

22 

14 

299 

1957 

15 

21 

29 

28 

691 

288 

95 

47 

56 

27 

23 

13 

107 

1958 

10 

11 

14 

129 

151 

186 

101 

45 

29 

22 

14 

10 

bO 

Mean 

13 

14 

36 

112 

310 

308 

155 

63 

65 

31 

22 

15 

95 

Table  82. 

Mod  i f led 

Mean  Discharges, 

in  CFS, 

Co  1 umb i a 

River  below  Priest 

Rap  ids 

Dam,  Washington 

Water 

Year 

Oct. 

Nov. 

Dec. 

Ja  n . 

Feb. 

Mar. 

Apr . 

May 

June 

Ju  1 •. 

Aug. 

Sept  . 

Annua  1 

1928 

224000 

109900 

90900 

1929 

82  300 

78400 

101100 

103000 

108000 

72600 

85200 

62000 

71300 

87600 

97000 

94300 

86900 

1930 

87900 

89800 

102700 

93500 

90700 

83100 

72500 

81700 

90200 

98800 

97600 

92  700 

90100 

1931 

86800 

89600 

100000 

82200 

90800 

88400 

74500 

81700 

104000 

102200 

99400 

85800 

90400 

1932 

8 7400 

88  700 

102000 

95000 

109200 

77800 

90700 

157500 

156700 

74600 

97800 

90600 

102300 

1933 

89b00 

69  700 

102 700 

128800 

16  7100 

9 7900 

1 18900 

185900 

196  6 00 

180300 

121900 

10U200 

1 30000 

1934 

100600 

104200 

128000 

1 39&00 

203400 

196700 

243100 

221200 

168800 

104500 

100000 

101000 

1 50900 

1935 

82000 

72400 

109200 

132100 

132000 

111300 

117600 

147500 

156900 

131100 

99300 

96900 

1157"0 

1936 

90200 

86200 

107900 

119400 

79800 

80400 

81500 

160500 

123300 

83400 

93200 

89400 

99b  00 

1937 

87600 

87500 

105400 

96600 

100600 

84400 

63500 

70400 

7b900 

8 7800 

102500 

91500 

8 7900 

1938 

89300 

83100 

88700 

111000 

124100 

86800 

110700 

142400 

146800 

154100 

90400 

89200 

109700 

1939 

83400 

7 7100 

91700 

12  7200 

90400 

83000 

108500 

l 00000 

112400 

95500 

96  900 

90800 

96400 

1940 

85800 

85400 

90500 

133100 

98000 

89200 

110700 

89700 

101700 

94100 

96000 

91600 

97200 

1941 

84300 

79600 

92500 

99400 

92200 

8 7900 

13  7400 

76900 

73200 

84000 

91500 

88  700 

90600 

1 942 

96000 

82  700 

91400 

114100 

1 1 9000 

84600 

113900 

105300 

148400 

101400 

102000 

88300 

104100 

1943 

8 7900 

65800 

86800 

105600 

150600 

116000 

132400 

202600 

134  300 

147700 

101300 

88900 

118300 

1944 

81300 

7 72QO 

9o  800 

99300 

110600 

78700 

88200 

88000 

69100 

81200 

94600 

84400 

8 7m00 

1945 

90100 

90900 

103600 

88500 

94000 

86500 

77800 

112800 

6 7800 

88800 

99300 

87400 

90600 

1946 

86200 

85  700 

92500 

95600 

117700 

90800 

112200 

178100 

170900 

1 3*.  500 

94400 

91100 

112500 

1947 

79600 

81300 

93100 

116000 

137800 

135200 

155900 

184400 

163400 

136  300 

89900 

85500 

121500 

1948 

94  700 

96000 

113900 

113200 

202800 

166700 

137700 

193400 

25  7b00 

194700 

122900 

101900 

149600 

1949 

88000 

83600 

97700 

126000 

114000 

80000 

12  3000 

166400 

181600 

82  700 

92200 

87800 

110200 

1950 

79000 

69500 

106800 

123300 

155200 

145400 

136400 

197500 

200200 

211900 

I 14800 

96200 

1 3b«.00 

1951 

91800 

87900 

102600 

115400 

22  3400 

186200 

195600 

188800 

171300 

174300 

110300 

91700 

144900 

1952 

94  ZOO 

9 8800 

1 12 200 

126500 

155200 

113300 

1 34600 

i 72400 

135800 

145100 

88700 

85900 

121900 

1953 

85500 

83900 

103900 

95500 

124800 

87800 

98700 

1 74000 

168300 

141400 

99000 

89200 

112700 

1954 

83600 

89800 

110300 

122100 

153600 

135200 

124200 

191200 

224900 

228400 

163600 

114400 

145100 

1955 

98700 

103400 

126600 

132400 

143900 

102  700 

110500 

104300 

181800 

193300 

91000 

125000 

1956 

95  700 

94500 

97000 

108100 

206500 

200600 

173500 

245800 

212600 

200400 

103600 

90700 

1 52-00 

1957 

8/400 

82  900 

109400 

132100 

145100 

101200 

113600 

182700 

17b  5 00 

120900 

89000 

86900 

1 1 9000 

1958 

77500 

75200 

83300 

120200 

123700 

107300 

125000 

172800 

1 72  900 

Mean 

6 7800 

84  700 

101700 

113200 

132100 

108600 

119000 

147900 

147200 

132800 

102400 

91800 

114100 

'(linage  area  3800  Sg  Mi 


percent  * time  I 1 0700 

an  months  95800 

percent  of  time  76  8 00 

■ imam  year  72500 

imum  months  62600 


MONTHS 


V 3NTHS 


I20h 


i 1 r 

Period  1929  - 1958 
’“1970  Condit ions 
Drainage  area  59700 

Sq  M. 

j 

' 

Annuel  Mean  Dis:ha'qe,  f s 
Maximum  mi.nth«  149500  - 

Mammum  year  129400 


Mean  m nths 
80  percent  of  time 
M mimum  year 
Minimum  months 


>.  jL  A ; 

// 

’*  • v - 

X?>-  a 


Period  -929  1958 
”1970  Conditions 


Annua'  Mean  C • s _ 

urge . 1 

Mum  mum  n.  ritr 

6012 

Murnmu".  year 

4 59 

2 2 pet  en  * f • ime 

3680 

Mean  months 

2 852 

80  percent  cf  time 

1 830 

Minimum  year 

1 700 

Minimum  months 

1021 

‘-.gjre  Monthly  discharge,  Kettle  River  near  Laurie 


U ■ ' u ; V**cn  ,i'  har  a-  . ' 

- 

197.  ondi*.  ns  •Monmum  m n’rs  765 

ramage  area  IQ07  SqMi.  V-i«  mum  year  540 

• ptp'  # n • • - me  408 

Mean  « r • m 299 

• * ♦ | *8  P*rr*nt  • f . m#  159 

Minimum  year  75 


Ni  Sk.  • ''2 

**  £ f-v,  - j; 

M A M j J A S 

MONTHS 


*•  g ,rp  V rfMy  <3  •;  harg*f.  Colville  R v«r  gf 

Ke t tie  Foils 


Figure  127  Monthly  d scharge,  Columbia  River  ot 

Grand  Coulee  Dam 


* .gure  4 


Monthly  discharge,  Columbia  River  at 

Internot.onoi  Boundary 


IMAM 

MONTHS 


•en-d  1929-1958 
"1970  ‘ ' ndit  ions 
- ramege  area  74  700 
Sa  m 


Ar.'iU0i  Mean  1'is.harge 


V : » 1 mum 

months 

158100 

V n,m u»i 

year 

42400 
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Figure  129  Monthly  discharge,  Similkomeen  Rirer 
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131  Monthly  discharge.  Methow  River  at  Tw*sp 


130  Monthly  discharge,  Okanogan  River  near  Tonasket 
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Figure  132  Monthly  discharge.  Chelan  River  at  Chelan 
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RECURRENCE  INTERVAL,  YEARS 
tquency  curves,  Wenatchee  River 
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Duration  curves,  Kettle  River  neor  LOurier 


Figure  148  Duration  curves,  Columbia  River  at 

International  Boundary 
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Duration  cur.es,  Columbia  River  ot 
Grond  Coulee  Dom 


Figure  150  Duration  curves,  Colville  R'ver  at  Kettle  Foils 
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Figure  156  Duration  curves,  Chelan  River  at  Chelan 


Figure  157  Duration  curves,  Wenatchee  River  ot  Peshostin 
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Figure  158  Duration  curves.  Crab  Creek  ot  Irby 


Figure  159  Duration  curves,  Columbia  River  below 
Priest  Rapids  Dam 
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Columbia  River 

Frequency  curve  of  annual  peak  flows,  Crab  Creek  of  Irby  Figure  171  Frequency  curve  of  annual  peak  flows,  below  Priest  Rapids  Dom 


Table  87.  Dependable  Yield,  Okanagan  River  at  Table  88.  Dependable  Yield,  Simi lkameen  River  near 

Okanagan  Falls,  B.C.  Nighthawk,  Washington 


MEAN  DISCHARGE  PRECIPITATION 

THOUSAND  CUBIC  FEET  PER  SECOND  INCHES 


mean  discharge  precipitation 


Quality 


The  quality  of  water 
Detailed  data  are  presented 


in  Subregion  2 is  generally  good, 
on  the  following  pages. 


Chemical 


The  Columbia  River  as  it  enters  the  United  States  from 
Canada  is  a calcium  bicarbonate  type  water  which  has  an  average 
dissolved-solids  concentration  of  approximately  90  mg/1  (milligrams 
per  liter).  Samples  collected  daily  at  the  International  Boundary 
(Northport , Washington)  since  1952  have  had  a dissolved-solids 
range  of  71-158  mg/1.  The  water  is  moderately  hard,  ranging  from 
62  to  128  mg/1  hardness. 

The  Wenatchee,  Entiat,  Chelan,  and  Methow  Rivers  entering 
the  upper  Columbia  River  from  the  west  originate  in  the  high  eleva- 
tions of  the  Cascade  Mountain  Range  where  average  annual  precipita- 
tion exceeds  50  inches.  The  dissolved-solids  content  of  the 
Wenatchee,  Entiat,  and  Chelan  Rivers  averages  less  than  60  mg/1. 

The  maximum  observed  dissolved-solids  concentration  was  79  mg/1 
for  a sample  collected  from  Entiat  River  near  Entiat.  The 
dissolved-solids  content  of  the  Methow  River  is  slightly  greater, 
ranging  from  45-130  mg/1  and  averaging  94  mg/1. 

Those  streams  which  drain  the  north  and  east  areas  of  the 
upper  Columbia  River  are  more  highly  mineralized,  primarily  because 
of  more  extensive  irrigation  but  also  because  the  land  is  arid  and 
the  concentration  of  the  natural  solutes  is  greater.  For  these 
streams,  the  Sanpoil,  Okanogan,  and  Colville  Rivers,  and  Crab  Creek, 
the  average  dissolved-solids  concentration  is  greater  than  125  mg/1 
and  in  the  case  of  Crab  Creek,  greater  than  500  mg/1.  The  water  of 
these  tributaries  is  the  calcium  magnesium  bicarbonate  type  and  has 
a larger  percentage  of  sulfate  than  those  tributaries  which  drain 
the  western  part  of  the  basin  (figure  177) . 

The  main  stem  of  the  Columbia  River  shows  little  change  in 
mineralization  from  the  International  Boundary  to  the  point  of  its 
confluence  with  the  Snake  River.  The  effect  of  incoming  tributaries 
with  higher  mineralization  is  partly  offset  by  the  contribution  of 
tributaries  with  lower  mineralization.  However,  the  major  reason 
for  the  uniformity  of  mineralization  in  this  stretch  of  the  main 
stem  is  the  relative  discharge  of  the  Columbia  River  compared  to 
that  of  its  tributaries.  The  average  flow  of  the  largest  tributary, 
Spokane  River,  is  less  than  10  percent  of  the  average  flow  of  the 
Columbia  River  at  Pasco. 

Colville  River  and  Crab  Creek  have  average  dissolved-solids 
concentrations  considerably  higher  than  the  Columbia  River,  but 
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their  combined  average  discharge  is  less  than  500  cfs  compared  to 
more  than  100,000  cfs  for  the  Columbia  River. 

Although  some  of  the  streams  have  been  subjected  to  extensive 
irrigation  use,  their  suitability  for  additional  irrigation  or 
other  domestic  or  industrial  uses  has  not  been  impaired.  The  water 
of  most  streams  would  meet  drinking  water  standards  with  minimum 
treatment . 


Bio  logical -Biochemical 

Dissolved  oxygen  concentrations  in  the  rivers  and  streams 
of  this  subregion  are  normally  near  saturation  at  almost  all  loca- 
tions. Occasional  dips  do  occur  seasonally,  but  do  not  constitute 
any  significant  impairment  of  water  quality.  Oxygen  levels  near 
the  bottom  of  Moses  Lake,  determined  in  the  summer  of  1963,  range 
from  2.7  - 7.3  mg/1,  apparently  due  to  the  oxygen  demand  of  intense 
algal  growths  in  the  lake.  Dissolved  oxygen  concentrations  and 
coliform  densities  determined  through  the  data  collection  program 
of  the  State  of  Washington  and  USGS  are  summarized  in  table  95. 
Intensive  survey  information  for  the  Columbia  Basin  Project  collected 
by  the  Public  Health  Service  is  also  available.  Coliform  densities 
vary  widely  through  the  subregion  and,  as  indicated  in  the  table,  do 
reach  levels  below  many  communities  which  render  water  courses 
unsuitable  for  water  contact  sports.  However,  these  adverse  condi- 
tions are  localized  and  do  not  indicate  a widespread  problem.  It 
is  believed  that  high  coliform  densities  occurring  in  the  lower 
reaches  of  Crab  Creek  are  attributable  in  large  part  to  cattle 


Table  95  - Dissolved  Oxygen  & Coliform  Organisms  Densities 
Upper  Columbia  Subregion 


Pi ssolvcd 
mg/1 

Oxygen 

Coliform  Organisms 
/ 100  ml 

Locat i on 

Mean 

Mi  n . 

MaxT 

Mean 

Min  . 

Max. 

Columbia  R.  at  Northport 

12.1 

8.6 

16.8 

68 

0 

250 

Kettle  R.  nr.  Bars tow 

11.2 

7.9 

14.5 

602 

0 

11,000 

Colville  R.  at  Kettle 

10.5 

7.3 

13.8 

4,775 

0 

46  ,000 

Pal  Is 

Sanpoil  R.  at  Keller 

11.1 

7.8 

13.6 

90 1 

0 

1 1 ,000 

Okanogan  R.  at  Orovi 1 le 

11  .0 

8.4 

13.2 

52 

0 

430 

Similkameen  R.  at  Orovi lie 

11.0 

8.2 

14.5 

99 

0 

930 

Okanagan  R.  at  Brewster 

10.9 

5.8 

15.4 

4,699 

0 

240,000 

Methow  R.  at  Pateros 

11.5 

9.3 

14.2 

457 

0 

9,300 

Chelan  R.  at  Chelan 

10.5 

8.6 

12.1 

259 

0 

2 ,400 

I'.ntiat  R.  nr.  P.ntiat 

11.8 

8.9 

14.2 

775 

0 

1 1 ,000 

Wenatchee  R.  nr. 

10.9 

4.2 

13.6 

677 

0 

24  ,000 

Leavenworth 

Wenatchee  R.  at  Wenatchee 

II  .9 

9.1 

16.4 

I ,047 

0 

I 1 ,000 

Crab  Creek  at  Irby 

11  .6 

9.0 

13.6 

738 

36 

2,900 

Crab  Creek  at  Moses  Lake 

12.1 

9 . 7 

16.0 

20,445 

0 

230 ,000 

Crab  Creek  at  Smyrna 

11.1 

6.6 

16.6 

1,780 

0 

i ,000 

Crab  Creek  nr.  mouth 

11.5 

9.5 

1 3 . 2 

650 

0 

2,100 

Columbia  R.  below  Priest 

11.8 

9.5 

14.0 

131 

0 

430 

Rapids 
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pastured  on  adjacent  land.  Algal  growths,  interfering  with  recre- 
ational use  of  Moses  Lake,  result  from  abundant  nutrient  input  to 
the  lake.  This  nutrient  load  is  derived  from  both  natural  and 
manmade  sources.  In  addition  to  esthetically  degrading  quality, 
these  organisms  also  exert  a significant  demand  on  the  oxygen 
resources  of  the  lake. 

The  Columbia  River  below  Hanford  Works  has  a mean  beta  count 
of  583  pc/1.  The  maximum  level  has  not  exceeded  1,000  pc/1  since 
November  1964.  Levels  of  zinc  -65  and  phosphorus  -32  approximate 
100-200  pc/1  in  the  Columbia  River  below  Hanford. 


Sediment 

No  suspended-sediment  concentration  data  have  been  collected 
recently  in  the  subregion.  A few  samples  (17)  were  obtained  in  the 
1905-11  period  and  at  two  sites  in  1951-52.  The  1951-52  data  are 
unpublished.  A reservoir  sedimentation  survey  was  made  on  Wilson 
Creek  in  the  Crab  Creek  Basin  in  1936.  Figure  178  (30)  shows  that 
sediment  yield  in  the  region  ranges  between  0.02  and  1.5  acre-feet 
per  square  mile  per  year  with  the  greatest  yield  from  the  agricul- 
tural areas,  mostly  from  dry  farmland.  The  largest  sediment  yields, 
such  as  near  Douglas  Creek,  are  caused  either  by  erosion  of  the 
surface  soil  when  the  underlying  ground  is  frozen  or  by  high- 
intensity  rain  storms  in  the  summer  months.  (30) 


Water  Temperature 

Water  temperature  data  are  somewhat  limited  in  Subregion  2. 
Until  recently  the  regular  collection  of  data  was  made  at  only  one 
station  selected  for  detailed  analysis,  Columbia  River  at 
International  Boundary.  Some  data  are  available  for  the  Columbia 
River  at  Grand  Coulee  Dam.  At  the  present  time  data  are  being 
obtained  for  five  points  on  the  Columbia  River--at  International 
Boundary  at  Northport , below  Grand  Coulee,  Chief  Joseph,  Rock 
Island,  and  Priest  Rapids  Dams--and  above  Richland.  Thermographs 
are  installed  at  three  of  these  locations.  Data  are  also  available 
for  a short  period  of  record  for  Similkamecn  River  at  Nighthawk, 
Washington.  Water  temperature  data  for  the  first  two  named  stations 
are  presented  in  figure  179.  The  means  should  be  representative  of 
the  long-term  means  even  though  it  is  recognized  that  the  longer 
the  record  the  greater  the  spread  between  maximum  and  minimum  water 
temperatures.  The  range  of  the  mean  July  temperature  for  the 
Columbia  River  at  International  Boundary  is  56°F.  to  62°F.  The 
maximum  July  water  temperature  ranged  from  55°F.  to  66°F.  and  the 
mimimum  from  52°F.  to  58°F. 
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There  are  two  major  aquifer  units  in  Subregion  2 that  yield 
large  supplies  of  water  to  wells.  Quaternary  alluvial  and  glacial 
deposits  (Qg)  are  the  most  important  north  and  northwest  of  the 
Columbia  River;  basalt  of  the  Columbia  River  group  (Ter)  is  the 
most  important  south  of  the  Columbia  River.  Both  aquifer  units  are 
capable  of  supporting  much  larger  development  at  many  places.  The 
other  three  aquifer  units  delineated  generally  will  yield  only  small 
to  moderate  supplies.  The  ground  water  is  moderately  to  very  hard 
but  otherwise  is  of  good  quality  in  most  places. 

Practically  no  investigations  have  been  made  north  of  the 
Columbia  River.  However,  data  on  file  with  the  Geological  Survey 
and  the  State  Department  of  Water  Resources  show  that  many  wells 
that  yield  500  to  several  thousand  gallons  per  minute  have  been 
drilled  for  irrigation  and  public  supply. 

South  of  the  Columbia  River,  several  reports  describe  the 
aquifers  and  ground  water  conditions,  particularly  in  the  Columbia 
Basin  Project  area.  (27,  84,  87,  98,  103,  157,  191) 


Five  aquifer  units  have  been  delineated  in  Subregion  2. 

North  of  the  Columbia  River,  aquifer-unit  boundaries  were  based 
chiefly  on  the  State  Geologic  Map.  (54)  South  of  the  Columbia 
River,  the  water  table  in  much  of  the  area  is  at  a considerable 
depth  and  the  geologic  formation  at  the  surface  may  not  be  an 
aquifer  at  that  place.  Boundaries,  therefore,  were  based  largely 
on  well  data.  Aquifer  units  are  shown  on  figure  180. 

Alluvial  and  glacial  deposits  (Qg)  are  widespread  in  valleys 
; north  of  the  Columbia  River.  The  alluvial  deposits  consist  of 

' sand,  gravel,  and  silt  underlying  terraces  and  flood  plains.  The 

• glacial  deposits  include  coarse  sand  and  gravel  outwash,  till,  and 

poorly  sorted  glacial  drift.  The  glacial  lake  deposits  consist 
largely  of  fine  sand,  silt,  and  clay,  but  include  some  thin  lenses 
i . of  coarse  sand  and  gravel.  Most  of  the  deposits  have  moderate  to 

high  porosity.  The  alluvium  and  the  glacial  outwash  generally  are 
highly  permeable  and  yields  of  several  hundred  to  several  thousand 
gallons  per  minute  can  be  obtained  where  several  tens  of  feet  of 
clean  coarse  sand  and  gravel  are  saturated.  South  of  the  Columbia 
River  the  aquifer  unit  consists  chiefly  of  glacial  outwash,  but 
includes  the  Ringold  Formation  where  it  underlies  the  glacial 
outwash.  Glaciof luvia 1 outwash  occurs  in  the  Quincy  Basin  and 
Moses  Lake  areas  as  widespread  sheets  and  channel  deposits.  South- 
ward to  Pasco  it  occurs  as  channel  deposits  in  coulees  and  broader 
depressions.  Some  of  the  deposits  are  chiefly  large  pebbles, 
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cobbles,  and  boulders.  At  many  places  the  strata  are  very  perme- 
able and  yield  large  supplies  to  wells  with  small  drawdowns.  (87, 
p.  44,  figure  15)  The  characteristically  high  coefficients  of 
permeability  and  transmissibi lity  are  shown  by  aquifer  tests  made 
at  Soap  Lake  in  1953.  (84,  p.  20,  23)  The  average  coefficient  of 
transmissibi lity  at  that  location  was  computed  to  be  about 
3.6  x 10°  gallons  per  day  per  foot  which,  with  an  average  saturated 
thickness  of  45  feet,  is  equivalent  to  a field  coefficient  of  perme- 
ability of  about  8 x 104  gpd  per  sq.  ft.  The  Ringold  Formation  con- 
sists chiefly  of  fine  sand,  silt,  and  clay,  with  minor  coarse  sand 
and  gravel.  At  most  places  where  the  Ringold  is  significant  as  an 
aquifer,  it  is  overlain  by  glaciof luvial  outwash  and  has  been 
included  in  the  alluvial  and  glacial-deposits  aquifer  unit.  Else- 
where, basalt  in  the  Columbia  River  group  is  shown  as  the  aquifer 
unit  on  figure  180,  even  though  the  Ringold  Formation  may  overlie 
the  basalt.  The  Ringold  is  thicker  and  more  coarse  in  the  Hanford- 
Pasco  area  where  it  is  a significant  part  of  the  alluvial  and 
glacial-deposits  aquifer  unit. 

The  basalt  (Ter)  is  an  important  aquifer  nearly  everywhere 
south  of  the  Columbia  River.  That  aquifer  unit  consists  of  a 
thick  sequence  of  widespread  flood-type  flows,  each  generally  20 
to  100  feet  thick.  The  central  90  percent,  more  or  less,  of  each 
flow  is  massive  and  nearly  impermeable  but  pillow  lava  at  the  base 
of  some  flows  and  rough,  broken  lava  near  the  top  of  most  individual 
flows  are  porous  and  permeable.  Where  lava  from  a succeeding  flow 
incompletely  seals  the  openings  in  the  upper  part  of  the  preceding 
flow,  permeable  interflow  zones  are  formed.  A section  of  basalt 
that  includes  several  interflow  zones  generally  will  transmit  and 
yield  moderate  to  large  quantities  of  water.  Sedimentary  interbeds 
seal  openings  in  the  basalt  and  usually  reduce  the  permeability  of 
interflow  zones.  In  general , the  yield  of  a well  is  related  to  the 
number  of  saturated  interflow  zones  penetrated  and  thus  indirectly 
to  well  depth.  (87,  p.  41,  figure  14)  Yields  mostly  are  1 to 
1.5  gpm  per  foot  of  penetration  below  the  water  table  with  drawdowns 
of  20  to  100  feet,  except  in  the  Pasco  Basin  where  the  average  yield 
is  less  than  1 gpm  per  foot  of  penetration. 

The  widespread  Eolian  silt  (Qce  on  the  State  Geologic  Map), 
commonly  called  the  Palouse  Formation  or  locally  the  "Palouse  Silt," 
occurs  as  a veneer  over  the  Columbia  River  group  in  much  of 
Subregion  2.  Generally,  it  has  high  porosity  and  low  permeability. 
It  is  not  an  important  aquifer  and  was  not  included  on  the  aquifer- 
unit  map.  However,  at  places,  especially  in  the  eastern  part  of 
the  subregion  where  the  deposit  is  thicker  and  precipitation  is 
greater,  a zone  of  perched  ground  water  yields  small  supplies  for 
domestic  and  stock  use. 


The  Tertiary  volcanic-rock  aquifer  unit  (Tv)  occurs  in 
several  areas  north  of  the  Columbia  River.  No  information  was 
available  regarding  hydrologic  characteristics.  However,  the  State 
Geologic  Map  shows  that  much  of  this  unit  is  of  Eocene  and  Oligocene 
age.  Similar  volcanic  rocks  of  those  ages  in  western  Oregon  and 
western  Washington  have  low  permeabilities  and  generally  yield  small 
supplies  to  wells.  Younger  volcanic  rocks  may  be  included  with  this 
aquifer  unit  at  some  places  and  might  be  more  permeable. 

The  nonmarine  sedimentary  strata  (TKc)  in  the  northwestern 
part  of  the  subregion  include  coarse  grained  sandstone,  arkose, 
and  conglomerate  that  might  yield  moderate  supplies  of  water  at  some 
places.  However,  practically  no  data  are  available  on  the  hydrologic 
characteristics  of  these  rocks. 

The  pre-Tertiary  formations  (pT)  are  chiefly  metamorphic  and 
granitic  and  consolidated  sedimentary  rocks  with  low  porosities  and 
permeabilities.  A fairly  deep  soil  and  subsoil  have  developed  on 
them  and  considerable  ground  water  is  stored  in  this  zone.  The 
aquifer  unit  is  important  in  the  regimen  of  streams  draining  it  and 
furnishes  small  supplies  to  many  wells  and  springs  for  domestic  and 
stock  use. 

The  descriptions  of  the  aquifer  units,  their  general  hydro- 
logic  characteristics,  and  the  general  quality  of  the  water  yielded 
by  them  are  given  in  table  96.  The  general  availability  of  ground 
water  is  shown  on  figure  181.  For  maximum  utility,  this  figure  and 
the  aquifer-unit  map,  figure  180,  should  be  used  together. 

Most  of  the  wells  in  alluvial  deposits  north  of  the  Columbia 
River  are  shallow.  Many  are  small  in  diameter.  It  is  probable  that 
the  yield  range  shown  on  figure  181  is  low  at  some  places.  Properly 
constructed  large  diameter  wells  or  infiltration  trenches  might 
increase  the  yields  to  the  next  range. 

South  of  the  Columbia  River  a large  area  is  shown  in  the 
yield  range  of  "500  to  2,000  gpm."  At  some  places  both  the  glacial 
deposits  (Qg)  or  the  basalt  (Ter)  will  support  wells  in  that  yield 
range . 

As  was  explained  previously,  the  yield  of  wells  in  the 
Columbia  River  basalt  is  related  to  depth  penetrated  below  the 
water  table.  Most  irrigation,  industrial,  and  public  supply  wells 
are  a few  hundred  to  about  a thousand  feet  deep.  Yields  range 
generally  from  several  hundred  to  more  than  1,000  gpm.  Larger 
yields  could  be  obtained  at  most  places  by  drilling  deeper.  The 
lower  range  in  yield  indicated  for  the  basalt  north  of  Wilbur  and 
Davenport  is  caused  by  thinning  of  the  basalt  over  the  northward- 
rising surface  of  the  underlying  pre-Tertiary  granite. 
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and  Mesozoic  rocks.  mite,  conglomerate,  sandstone;  greenstone  Fractured  crystalline  rocks,  coarser-grained  dissolved  solids;  soft  to  mod 

and  other  altered  volcanic  rocks;  granite,  sedimentary  strata  may  yield  moderate  erately  hard.  Calcareous 

granodiori te , and  similar  intrusive  igneous  supplies  at  a few  places.  rocks  will  yield  water  higher 

rocks.  in  dissolved  solids  and 

hardness . 


Water  in  Storage 


A rough  estimate  of  the  quantity  of  water  stored,  in  a 
specified  depth  interval  below  the  water  table  in  each  aquifer  unit, 
is  given  in  table  97  as  shown  below. 


! 

I 
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Table  97  - Storage,  Recharge,  and  Discharge  of  Ground  Water  in  Aquifer  Units,  Subregion  2 


Annual  Natural 


Area 

Storage 

Aquifer 

Acres 

Spec i f i c 
Yield 

Deptn 

Used 

Water 

(1,000 

Unit 

Sq.Mi . 

(1.000) 

(percent ) 

I£il 

ac-ft) 

Qg 

3,600 

2,300 

20 

50 

23,000 

Ter 

7,830 

5,000 

1 

100 

5,000 

Tv 

540 

345 

2 

50 

340 

TKc 

400 

250 

2 

50 

250 

PT 

9,630 

6,150 

2 

50 

6,150 

TOTAL 
( rounded ) 

22,000 

14,000 

35,000 

Recharge  and 
Discharge 


Inches 

(1 ,000 

Over  Area 

ac-ft) 

10 

1 ,900 

2 

830 

6 

170 

6 

125 

6 

3,000 

6,000 

Specific  yields  of  alluvial  materials  range  from  a few  to 
perhaps  30  percent.  The  alluvial  and  glacial  deposits  are  predomi- 
nantly sand  and  gravel,  so  a specific  yield  of  20  percent  was  used 
for  this  unit. 

The  basalt-aquifer  unit  is  chiefly  in  the  broad,  gently 
rolling  plateau  south  of  the  Columbia  River.  Because  the  region  is 
arid  to  semiarid--8  to  15  inches  of  rainfal l--recharge  is  small, 
the  water  table  generally  is  at  a considerable  depth,  and  the  zone 
of  saturation  is  in  unweathered  rock.  A specific  yield  of  1 percent 
has  been  estimated  for  the  unit. 

The  other  three  aquifer  units  occur  in  areas  of  higher  pre- 
cipitation north  and  northwest  of  the  Columbia  River  where  a moder- 
ately deep  zone  of  weathering  has  developed  on  the  underlying  rock. 

* Because  of  moderate  amounts  of  rainfall,  15  to  50  inches,  and  the 

' low  porosity  and  permeability  of  the  underlying  unweathered  rock, 

the  water  table  is  at  shallow  depths  in  the  weathered  mantle.  The 
specific  yield  probably  ranges  from  less  than  1 to  more  than 
10  percent  and  a value  of  2 percent  was  assumed  for  the  upper 
50  feet. 

A saturated  thickness  of  100  feet  was  used  to  estimate 
storage  in  the  basalt  of  the  Columbia  River  group  (Ter).  A thick- 
ness of  50  feet  was  used  for  all  other  aquifer  units.  According  to 
table  97,  about  35  million  acre-feet  of  ground  water  is  stored  in 
the  specified  depth  intervals,  with  23  million  acre-feet  in  the 
alluvial-aquifer  unit  and  5 million  acre-feet  in  the  basalt.  Where 
alluvium  overlies  the  basalt,  the  storage  shown  is  that  of  the 
alluvium,  so  withdrawals  from  the  basalt  in  those  areas  would,  in 
some  places,  deplete  the  storage  in  the  alluvium.  Such  depletion 


i 
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would  lower  the  water  table  at  a rate  of  5 feet  for  each  foot  of 
water  removed  from  storage,  rather  than  at  the  rate  for  the  basalt 
which  is  a lowering  of  100  feet  for  every  foot  of  water  removed 
from  storage. 


Natural  Recharge  and  Discharge 

Recharge  to  aquifer  units  north  of  the  Columbia  River  is 
largely  from  direct  precipitation  during  the  winter  and  spring  and 
from  snowmelt  during  the  spring.  Recharge  from  irrigation  and 
influent  seepage  of  streams  is  significant  in  some  areas  in  the 
Okanogan  and  similar  valleys.  South  of  the  Columbia  River  in  the 
area  of  the  Columbia  Basin  project,  recharge  is  chiefly  from 
irrigation.  Recharge  from  precipitation  and  surface  and  underground 
inflow  is  small  in  comparison.  The  water  table  has  risen  throughout 
the  project  area  since  irrigation  began  in  1952--more  than  100  feet 
at  some  places.  East  of  the  Columbia  Basin  project  area,  recharge 
is  largely  from  direct  precipitation  and  snowmelt  at  most  places. 
Seepage  from  streams  may  be  an  important  source  of  recharge  locally. 

The  seasonal  fluctuation  of  water  levels  in  observation  wells 
in  the  alluvial  and  glacial-deposits  aquifer  unit  ranges  from  less 
than  a foot  in  arid  areas  to  more  than  10  feet  in  some  areas  of 
heavy  precipitation  or  extensive  irrigation.  The  seasonal  fluctu- 
ations indicate  a range  in  annual  recharge  of  a few  inches  to  more 
than  2 feet.  An  average  annual  rate  of  10  inches  was  assumed  for 
the  aquifer  unit  for  the  subregion.  Hydrographs  of  representative 
observation  wells  that  tap  the  alluvial-aquifer  unit  and  the  basalt 
are  shown  in  figure  182. 

The  basalt-aquifer  unit  crops  out  almost  entirely  in  semi- 
arid  areas  where  precipitation  ranges  from  about  8 to  15  inches. 
Recharge  to  the  basalt  from  precipitation  and  influent  seepage  is 
considered  to  be  equivalent  to  an  inch  or  less  over  the  area. 
However,  recharge  from  irrigation  in  the  Columbia  Basin  project 
area  probably  is  equivalent  to  several  inches  over  the  area.  A 
figure  of  2 inches  over  the  area  is  assumed  for  average  recharge 
to  the  basalt. 


No  records  of  water-level  fluctuations  are  available  for 
wells  that  tap  other  aquifer  units.  Discharge  from  those  aquifers 
contributes  throughout  the  year  to  the  flow  of  streams  and,  during 
dry  periods,  may  supply  the  entire  discharge  of  some  streams. 
Separation  of  the  ground  water-component  of  flow  by  means  of  dura- 
tion curves  indicates  that  the  ground-water  component  probably 
ranges  from  30  to  50  percent  in  many  streams.  Hydrographs  in 
figure  183  show  low-flow  characteristics  of  selected  streams. 
Because  alluvial  and  glacial  deposits  are  widespread  in  many  basins 
in  the  subregion,  it  is  not  possible  to  say  how  much  of  the  ground 
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water  flow  is  maintained  by  discharge  from  the  other  aquifer  units. 
Values  for  recharge  and  discharge  were  based  in  part  on  comparison 
with  other  subregions.  An  estimate  of  the  average  annual  natural 
recharge  and  discharge  is  given  in  table  97.  According  to  the  table, 
natural  discharge  from  aquifer  units  in  the  subregion  is  about 
6 million  acre-feet  a year  of  which  about  half  is  discharged  from 
the  pre-Tertiary  aquifer  unit.  That  quantity  is  almost  equivalent 
to  the  volume  of  water  stored  in  the  upper  50  feet  of  saturation  and 
suggests  that  most  of  the  water  stored  is  in  the  upper  few  feet  of  a 
much  more  porous  zone,  and  that  the  storage  is  short-term  with  a 
rapid  turnover.  Hydraulic  gradients  are  steep  and  the  distance  from 
point  of  recharge  to  point  of  discharge  is  short;  water  enters  and 
leaves  the  aquifer  in  weeks  or  months.  In  contrast,  hydraulic 
gradients  in  the  alluvium  and  the  basalt  are  low  and  the  distance 
from  point  of  recharge  to  point  of  discharge  may  be  much  farther  so 
that  depletion  of  water  stored  in  those  units  is  much  slower. 


Annual  Ground-Water  Withdrawal 

Ground-water  withdrawal  (table  98),  based  on  1965  to  1967 
data  and  projected  to  1970,  amounts  to  about  240,000  acre-feet  a 
year.  This  is  only  a small  percentage  of  the  estimated  annual 
natural  recharge  and  discharge  and,  in  fact,  is  much  less  than  the 
probable  error  in  estimates  of  natural  recharge  and  discharge. 

I 

Chemical  Quality  of  Water 

The  quality  of  the  ground  water  generally  is  good.  Dissolved 
solids  rarely  exceed  400  mg/1  in  water  from  the  alluvial  deposits  and 
500  mg/1  in  water  from  the  basalt.  Generally,  the  water  is  of  the 
calcium  magnesium  bicarbonate  type  and  is  moderately  to  very  hard, 
although  the  hardness  rarely  exceeds  250  mg/1.  Boron  and  flouride 
i commonly  are  low.  Some  deep  wells  in  the  basalt  yield  water  in 

' which  sodium  has  replaced  calcium  through  a natural  softening  pro- 

cess. Some  wells  yield  very  soft  water  with  high  sodium  and  flouride 
concentrations.  Silica  generally  ranges  from  30  to  60  mg/1.  Tem- 
peratures range  from  about  50°  to  65°F.,  but  a few  are  less  than 
50°F.  and  some  exceed  70°F.  In  wells  in  the  Columbia  River  group, 
temperatures  increase  roughly  1°F.  for  each  50-foot  increase  in 
depth.  (87,  p.  59,  figure  17) 

Chemical  analyses  are  given  in  most  of  the  ground-water 
reports  referenced  previously.  Many  analyses  and  a discussion  of 
water  quality  are  contained  in  Washington  State  Water-Supply 
Bulletin  24.  (175) 
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Table  98  - Estimated  Ground-Water  Withdrawal  and  Consumptive  Use, 

Subregion  2,  1970 


(Ac-ft  per  year;  all  quantities  in  thousands) 

Irrigation 

Acres  Irrigated 

60.0 

Withdrawal 

180.0 

Consumptive  use 

90.0 

Industrial!/ 

Withdrawal 

15.0 

Consumptive  use.?/ 

.8 

Public  Supplies 


Persons  served 

95.0 

Withdrawal 

32.0 

Consumptive  useV 

6.4 

Rural-Domestic 

Persons  served 

105.0 

Withdrawal^./ 

11.8 

Consumptive  use!/ 

5.9 

Stock 

Withdrawals  and  consumptive  useiL' 

3.3 

TOTAL  WITHDRAWAL  (rounded) 

240.0 

TOTAL  CONSUMPTIVE  USE  (rounded) 

110.0 

1/  Self-supplied  industrial. 

2/  Assumed  to  be  5 percent  of  gross  withdrawal. 
3/  Assumed  to  be  20  percent  of  gross  withdrawal. 
4/  Estimated  use  100  gallons  per  day  per  person. 
5/  Assumed  to  be  50  percent  of  gross  withdrawal. 
Z/  Assumed  that  all  water  withdrawn  is  consumed. 


Present  Use  and  Future  Availability 


Estimates  of  present  use  of  ground  water  are  based  on  data 
for  1965  and  1967,  projected  to  1970.  Projection  of  public  supply, 
domestic,  and  industrial  use  is  on  the  basis  of  estimated  population 
growth.  Irrigation  use  was  projected  on  the  basis  of  past  rates  of 
increase,  modified  for  special  situations.  Ground- water  withdrawal 
and  the  amount  used  consumptively  are  given  in  table  98.  In  most 
areas  where  significant  volumes  of  ground  water  are  withdrawn,  a 
large  part  of  the  water  not  used  consumptively  returns  to  the  ground. 
However,  part  of  the  water  withdrawn  and  not  used  consumptively  may 
leave  the  subregion  as  surface  flow  so  that  the  net  withdrawal  from 
the  ground-water  supply  is  somewhat  greater  than  the  consumptive  use. 

Ground-water  withdrawal  is  about  240,000  acre-feet,  consump- 
tive use  is  about  110,000  acre-feet,  and  net  ground-water  withdrawal 
probably  is  about  0.15  million  acre-feet  annually.  This  is  only 
about  5 percent  of  the  annual  natural  discharge  of  about  2.7  million 
acre-feet  from  the  two  major  aquifers  and  indicates  a large  potential 
for  future  development.  However,  neither  recharge  nor  development 
is  uniformly  distributed  over  the  area.  In  actuality,  the  areas  with 
the  greatest  potential  have  the  least  present  development  and  the 
areas  with  the  smallest  potential,  because  they  are  basically  water- 
short  areas,  have  now  or  are  undergoing  the  greatest  development. 

The  alluvial  and  glacial  deposits  offer  considerable  potential  for 
increased  development  where  they  are  extensive.  North  of  the 
Columbia  River,  natural  recharge  from  precipitation  and  influent 
streamflow  is  large  and  probably  would  increase  if  withdrawals  were 
increased  substantially  as  some  potential  recharge  is  now  rejected. 

In  the  Columbia  Basin  project,  recharge  from  irrigation  has  raised 
the  water  table  to  near  the  surface  in  much  of  the  area,  and 
increased  ground-water  withdrawals  from  either  or  both  major  aquifers 
would  alleviate  waterlogging  at  some  places.  However,  east  of  the 
project,  natural  recharge  is  small  and  large  developments  presumably 
would  cause  a decline  in  water  levels. 


Artificial  Recharge 


The  only  known  artificial  recharge  is  by  the  City  of  Okanogan, 
where  average  annual  artificial  recharge  to  the  alluvium  was  reported 
to  be  2,700  acre-feet.  (125,  p.  19)  The  glacial  outwash  and  alluvial 
deposits  (Qg)  and  the  basalt  (Ter)  both  are  suitable  for  recharging. 
Recharge  incidental  to  irrigation  is  occurring  in  both  aquifer  units. 
It  may  be  that  the  greatest  opportunity  for  management  of  the  ground- 
water  supply  lies  in  the  planned  conjunctive  use  of  surface  and 
ground  water.  Irrigation  projects  might  be  planned  for  surface 
diversion  of  part  of  the  supply  needed,  the  balance  of  the  supply  to 
be  obtained  from  aquifers  recharged  by  irrigation.  This  would  not 
only  reduce  the  amount  of  surface  diversion  required  but  would  also 
reduce  waterlogging  problems. 


In  Subregion  2,  consisting  essentially  of  Water  Resource 
Inventory  Areas  36,  40  through  53,  and  58  through  61  (figure  121), 
a total  of  1,680  active  ground-water  right  appropriation  and 
declaration  records,  in  permit  and  certificate  stages,  were  on  file 
with  the  State  of  Washington,  Department  of  Water  Resources,  as  of 
September  30,  1966.  Prime  rights  in  this  area  allow  summer  period 
consumptive  withdrawals  totaling  834,608  gpm  (1,860  cfs) . A total 
of  4,350  gpm  has  been  appropriated  under  supplemental  rights. 

Prime  water  right  quantities  for  the  more  important  use 
categories  and  total  actual  ground-water  right  quantities  are  listed 
in  table  99,  according  to  Water  Resource  Inventory  Areas  as  defined 
by  the  State  of  Washington,  Department  of  Water  Resources  (Regional 
Summary).  More  detailed  information  about  specific  rights  can  be 
obtained  from  the  Department  of  Water  Resources . 


Table  99  - Summary  of  Ground-Water  Rights  in  Subregion  2,  1966 


Basin 

No.i/ 

River  Basin 

Municipal 

Irrigation 

Individual 
and  Community 
Domestic 

Industrial 

and 

Commercial 

Fish 

Propagation 

Stock 

Totali. 

(Gal  Ions 

per  Minute) 

36 

Esquatzel  Coulee 

5,350 

90,724 

38,772 

4,144 

6,256 

103,288 

40 

Squilchuck-Alkali  Cr 

12,809 

2,189 

530 

- 

800 

13,709 

41 

Lower  Crab  Creek 

22,325 

301,463 

158,099 

13,610 

19,776 

338,305 

42 

Soap- Banks  Lake 

6,490 

45,011 

18,333 

50 

950 

5,807 

53,773 

43 

Upper  Crab-Wilson  Cr 

2,995 

90,915 

31  .943 

823 

- 

790 

96.443 

44 

Douglas-Moses  Coulee 

2,950 

49,761 

13,779 

500 

830 

54,380 

45 

Wenatchee 

3,310 

4,766 

4,188 

3,811 

10 

11,144 

46 

Er.tiat 

1 .300 

1 ,068 

398 

- 

800 

382 

3,168 

47 

Chelan 

13,185 

2,018 

290 

450 

11,168 

48 

Methow 

750 

8,815 

5,552 

4,390 

100 

14,445 

49 

Okanogan 

13,930 

62,320 

20,260 

2,680 

1,842 

78,242 

50 

Foster  Creek 

450 

19,062 

11,627 

525 

21.277 

51 

Nespelem 

- 

1 ,075 

- 

- 

1 ,0'5 

52 

Sanpoi I 

270 

1,223 

293 

- 

1 . 543 

S3 

Grand  Coulee-Hawk  Cr 

1,130 

6,174 

410 

500 

7,387 

58 

Ninemi le-Sherman  Cr 

1,190 

494 

1 ,200 

59 

Col vi 1 le 

8,100 

7,967 

1,613 

1,170 

794 

17,632 

60 

Kett  le 

4,160 

167 

4 .232 

61 

Columbia-Deep  Cr 

122 

2,120 

2,19" 

TOTAL 

68,350 

721,810 

312,255 

33,023 

2,300 

37,287 

834 ,608 

1/  Water  Resource  Inventory  Area  number  as  shown  in  figure  121. 

1/  Total  prime  right  quantities  do  not  agree  with  the  sum  of  the  uses  because  (1)  only  the  more  important  use 


categories  are  listed  and  (2)  water-right  quantities  that  are  common  to  two  or  more  uses  are  listed  under 
each  applicable  use  category. 


I 

RELATIONSHIP  BETWEEN  SURFACE  AND  GROUND  WATER 


Streams  that  drain  the  hills  and  mountains,  which  are  under- 
lain chiefly  by  pre-Tertiary  rocks,  derive  a part  of  their  flow 
throughout  the  year  from  ground  water.  Generally,  about  one-third 
of  their  average  annual  discharge  is  ground  water.  Most  of  the 
streamflow  during  late  summer  and  autumn  is  supplied  by  ground-water 
discharge.  During  late  autumn  and  winter,  ground-water  effluent 
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furnishes  a large  part  of  the  streamflow  except  for  brief  warm 
periods  when  flow  is  augmented  by  snowmelt  or  rainfall.  In  the 
spring  and  early  summer,  precipitation  and  snowmelt  are  much  the 
larger  component  of  streamflow.  In  larger  valleys,  such  as  the 
Columbia  River,  Okanogan,  Kettle,  and  Sanpoil,  some  water  goes  into 
bank  storage  in  the  alluvial  deposits  during  the  spring  and  early 
summer  runoff  period.  The  deposits  also  are  recharged  by  seepage 
from  smaller  streams  entering  the  valleys.  Discharge  from  the 
alluvial  deposits  helps  maintain  a high  base  flow  later  in  the 
season . 

The  area  south  of  the  Columbia  River  is  arid  to  semiarid  and 
runoff  is  small  to  nonexistent.  Water,  flowing  in  intermittent  and 
ephemeral  streams,  that  does  not  evaporate  seeps  into  the  ground  to 
recharge  the  alluvium  or  the  basalt.  Crab  Creek,  the  largest  stream 
in  the  area,  with  a drainage  area  of  approximately  2,040  square  miles 
above  the  Moses  Lake  gaging  station,  lost  almost  its  entire  flow 
before  irrigation  of  the  project  began.  Rocky  Ford  Creek,  which 
rises  in  large  springs  a few  miles  west  of  Crab  Creek,  is  entirely 
ground  water  fed  and  discharges  into  Moses  Lake,  a water-table  lake. 
Prior  to  irrigation,  considerable  ground  water  discharged  into  the 
Moses  Lake  area  because  of  a geologic  structure  that  forms  a barrier 
in  the  Columbia  River  group  and  the  Ringold  Formation.  The  barrier 
extends  eastward  approximately  along  Lind  Coulee.  Construction  of 
O'Sullivan  Dam  on  the  geologic  structure  has  raised  the  height  of 
the  barrier,  and  return  flow  from  irrigation  has  greatly  augmented 
the  natural  ground-water  inflow  to  the  Moses  Lake  area.  Much  of 
the  southern  part  of  the  Columbia  Basin  project  is  irrigated  with 
this  water. 

Discharge  fom  around  the  periphery  of  the  area  south  of 
O'Sullivan  Dam  and  Lind  Coulee  is  into  the  Columbia  and  Snake  Rivers 
which  form  the  regional  base  level.  The  regional  water  table  slopes 
generally  west  and  southwest  and  most  ground-water  outflow  from  the 
area  is  into  the  Columbia  River.  Ground-water  outflow  from  the 
3,900  square  mile  area  of  the  Columbia  Basin  project  was  estimated 
to  be  about  50,000  to  60,000  acre-feet  a year  prior  to  irrigation. 
(87,  p.  54) 
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SUBREGION  3, 


YAKIMA 


HYDROLOGIC  FRAMEWORK 


The  Yakima  Subregion,  an  area  covering  6,062  square  miles 
and  representing  about  2 percent  of  the  total  area  of  the  Columbia- 
North  Pacific  Region,  lies  totally  within  the  State  of  Washington. 
About  45  square  miles  are  water  and  6,017  are  land. 

The  Cascade  Range,  rising  on  the  western  border  of  the 
Yakima  Subregion  to  elevations  of  six  to  eight  thousand  feet, 
is  flanked  for  many  miles  on  the  east  by  southeastward  trending 
upwarped  ridges.  The  Wenatchee  Mountains,  largest  of  the  uplifts, 
comprise  the  northern  border  of  the  subregion.  The  Yakima  River 
flows  east  and  south  through  the  Kittitas  Valley  from  its  ruggedly 
glaciated  headwaters  area.  South  of  the  valley,  the  river  cuts 
through  the  flanking  Manastash  and  Umtanum  Ridges  in  a deep  canyon. 
The  river  enters  the  middle  valley  above  Yakima  through  a gap  cut 
in  Selah  Ridge  and  leaves  it  through  Union  Gap  in  Ahtanum  Ridge. 
Cleman  and  Cowiche  Mountains,  Tieton,  Selah,  Yakima,  and  Ahtanum 
Ridges  border  the  middle  valley.  Rattlesnake  Hills  crossing  eastern 
Yakima  and  northern  Benton  Counties  and  Horse  Heaven  Hills  to  the 
south  are  prominent  features  bordering  the  lower  valley  in  its 
80-mile  reach  from  Union  Gap  to  the  Columbia  River.  The  Yakima 
River  joins  the  Columbia  River  at  an  elevation  of  340  feet.  The 
valley  bottoms,  the  adjoining  terraces,  and  the  surrounding  gentle 
slopes  contain  the  subregion's  agricultural  land. 

The  larger  glacial  lakes  fed  from  the  mountain  headwater 
area  have  been  improved  as  storage  reservoirs.  The  Yakima  River 
is  the  outlet  of  Keechelus  Lake,  the  westernmost  of  three  such 
lakes.  Ten  miles  downstream  the  Yakima  River  is  joined  by  the 
Kachess  River,  a larger  reservoir  outlet;  and  10  miles  farther 
down  its  course  the  Yakima  is  joined  by  the  Cle  F.lum  River  flowing 
from  Cle  Elum  Lake,  largest  on  the  Yakima  system.  Teanawav  River, 
Swauk  Creek,  and  several  smaller  creeks  contribute  drainage  from 
the  Wenatchee  Mountains.  Taneum,  Manastash,  and  Umtanum  Creeks 
flow  eastward  between  parallel  ridges  to  join  the  Yakima  from  the 
west . 


Joining  the  Yakima  below  its  deep  canyon  section,  the  Naches 
River  also  taps  a large  and  productive  watershed  east  of  the  Cascade 
summit.  Of  its  tributaries,  Bumping  River,  flowing  from  the  lake 
of  that  name,  and  Tieton  River,  outlet  of  Rimrock  Lake  (Tieton  Dam), 
and  Clear  Lake  reservoirs  are  the  most  important.  Below  Union  Gap 
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the  major  tributaries  of  the  Yakima  are  Ahtanum,  Toppenish,  and 
Satus  Creeks  entering  from  the  west. 

Geology  of  the  subregion  is  relatively  simple  as  the  entire 
area  is  underlain  by  a great  thickness  of  flows  of  dark  gray  to 
black  basaltic  lava.  Fairly  large  exposures  of  rock  may  be  found 
along  the  larger  stream  valleys  and  at  higher  elevations  on  the 
hills.  A few  layers  of  sediments  are  interbedded  in  the  lava. 

A period  of  deformation  followed  deposition  of  the  lava,  and 
anticlinal  ridges  and  closed  basins  developed  in  the  lava.  Coarse, 
heavy  sediments  accumulated  in  the  depressions.  When  a drainage 
system  again  developed  and  streams  began  to  entrench  their  channels, 
the  major  streams  cut  deep,  steep-walled  canyons  through  the  ridges. 
Much  of  the  sediment  was  removed  from  the  basins.  Gravel  deposits 
were  left  in  many  of  the  valleys. 

During  glacial  time,  the  main  river  system  was  dammed,  and 
the  canyons  and  deeper  basins  were  flooded.  Thick  deposits  of  silty 
to  sandy  sediments  of  glacial  origin  accumulated  in  the  lake.  After 
the  dam  broke  and  the  streams  were  again  free  to  cut  their  channels 
to  former  depths,  much  of  the  lake  sediment  was  eroded.  Remnants 
still  remain  throughout  the  area. 

Since  the  disappearance  of  the  lake,  windblown  materials  have 
blanketed  most  of  the  area.  Some  of  the  material  is  of  local  origin, 
while  other  material  has  been  transported  from  outside  the  subregion. 
Much  of  the  soil,  especially  in  the  upland  areas,  has  developed  from 
the  windblown  mantle.  This  has  left  predominant  soils  of  medium 
textured  sandy  loams  and  silty  loams  of  considerable  depth.  The 
soils  have  developed  under  scant  rainfall  and  have  a high  content  of 
the  mineral  elements  of  fertility. 


CLIMATE 

The  climate  varies  from  desert  conditions  in  the  lower  valley 
to  a moist  alpine  type  in  the  higher  mountains.  Some  of  the  factors 
influencing  the  climate  are  topography,  distance  from  the  ocean, 
prevailing  westerly  winds,  and  the  path  of  weather  systems  crossing 
the  Pacific.  To  the  east  and  north,  the  Rocky  Mountains  shield  this 
area  from  winter  season  cold  air  masses  moving  southward  across 
Canada.  Occasionally,  air  from  the  interior  of  the  continent  spills 
over  the  Rockies  or  enters  the  inland  basin  through  north-south 
valleys  separating  ranges  in  southern  British  Columbia. 

To  the  west,  the  Cascades  form  a barrier  to  the  easterly 
movement  of  moist  air  from  over  the  ocean.  Most  of  the  air  masses 
crossing  the  state  have  spent  several  days  over  the  Pacific.  The 
surface  of  the  ocean  is  warmer  in  winter  and  cooler  in  summer  than 


the  land.  From  June  through  August,  the  prevailing  flow  of  air 
into  the  state  is  from  the  northwest  and  west.  Warming  of  the  air 
as  it  moves  inland  results  in  a dry  season  beginning  in  late  spring 
and  reaching  a peak  in  midsummer.  The  prevailing  flow  of  air  into 
the  state  during  late  fall  and  winter  is  from  the  southwest  and  west. 
The  maritime  air  is  moist  and  near  the  surface  temperature  of  the 
ocean.  As  it  moves  inland  and  rises  along  the  western  slope  of  the 
Cascades,  the  temperature  decreases  approximately  3°F.  with  each 
1,000-foot  increase  in  elevation.  Orographic  lifting  of  the  air 
results  in  heavy  precipitation  along  the  western  slope  and  near  the 
crest.  Air  descending  along  the  eastern  slope  becomes  warmer  and 
drier,  increasing  in  temperature  4°F.  or  more  with  each  1,000-foot 
drop  in  elevation.  The  adiabatic  cooling  and  warming  as  the  air 
crosses  the  mountains  results  in  warmer,  drier  air  on  the  lee  slope 
than  at  similar  elevations  on  the  windward  slope. 


Precipitation 

There  is  a sharp  reduction  in  precipitation  as  the  elevation 
decreases  in  an  easterly  direction  from  the  summit  of  the  Cascade 
Range . 

For  example,  within  a distance  of  20  miles,  annual  precipita- 
tion decreases  from  92  inches  at  Stampede  Pass  (elevation  3,958  feet) 
to  22  inches  at  Cle  Elum  (elevation  1,920  feet).  Within  the  next 
20  miles,  it  decreases  to  9 inches  at  Ellensburg  (elevation 
1,727  feet).  Annual  precipitation  ranges  from  less  than  10  inches 
in  the  lower  valleys  to  100  inches  or  more  at  the  crest  of  the 
mountains.  Approximately  50  percent  of  the  precipitation  falls  in 
the  four  months  October  through  January,  and  75  percent  in  the 
period  October  through  March.  Total  rainfall  for  the  two  driest 
months,  July  and  August,  is  less  than  5 percent  of  the  annual. 

Table  100  and  figure  184  show  precipitation  data  and  location  of 
weather  stations. 


Table  100.  Average  Monthly  and  Annual  Precipitation  (inches),  Yakima 
Subregion,  1931-1960 


TTt'va 


Station 

t ion 

Jan. 

Ktfb. 

Mar  ■ 

Apr. 

May 

June 

July 

Aufl. 

Sept . 

Oct . 

Nov. 

Dec. 

Annual 

Benton  City  2\N  1/ 

680 

1.08 

0.85 

0.6S 

0.46 

0.51 

0.63 

0.17 

0.30 

0.51 

0.74 

1.14 

1.11 

R.  15 

Bumping  Lake 

3440 

7.8S 

6.03 

4.82 

2.29 

1.77 

1.59 

0.53 

0.64 

1.52 

4.28 

7.25 

9.25 

47.82 

Ellensburg  FAA  AP  2/ 

1727 

1.26 

0.90 

0.76 

0.49 

0.59 

0.83 

0.13 

0.23 

0.44 

0.66 

1.20 

1.37 

8.86 

Lake  Cle  Mum 

22SS 

S.87 

4 31 

3.67 

1.57 

1.31 

1.09 

0.36 

0.42 

1.32 

3.61 

6.00 

6.96 

36.49 

Kimroek-Tieton  Dam 

2730 

4.21 

2 89 

2.41 

1.16 

0.96 

1.02 

0.34 

0.50 

0.76 

2.36 

4 21 

5.30 

26. 12 

Snoqualmie  Pass  2/ 

3020 

14.77 

12.74 

11.72 

6.39 

4.68 

4.86 

1 .67 

2.03 

4.81 

10.46 

15.41 

18.06 

107.60 

Sunnys ide 

747 

0.89 

0.66 

0.48 

0.42 

0.51 

0.84 

0.  18 

0.21 

0.3S 

0.72 

0.76 

0.88 

6.90 

Yakima  AP  1/ 

1061 

1.19 

0.87 

0.62 

0.47 

0.54 

0.81 

0.13 

0.20 

0.35 

0.60 

0.96 

1.12 

7.86 

M may  be  longer  or  shorter  than  the  30-year  normal. 
2/  1930  -19S9. 


The  drier  areas  receive  measurable  precipitation  on  1 to 
3 days  each  month  in  summer,  4 to  7 in  spring  and  fall,  8 to  12  days 
in  winter;  and  in  the  mountains,  5 to  10  days  in  summer,  12  to  18 
in  spring  and  fall,  and  20  to  25  days  in  winter. 
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Figure  184  is  an  isohyetal  map  of  mean  annual  precipitation 
prepared  by  the  Weather  Bureau  River  Forecast  Center,  Portland, 
Oregon,  using  climatological  data  (1930-57)  and  information  derived 
from  correlations  with  physiographic  factors.  Table  100  presents 
precipitation  data  for  selected  stations,  but  these  are  not  the  only 
stations  used  in  preparing  the  isohyetal  map. 

Average  snowfall  in  the  lower  valleys  ranges  from  15  to 
30  inches  annually,  with  accumulated  depths  of  5 to  20  inches.  Snow 
can  be  expected  by  the  first  of  December  and  to  remain  on  the  ground 
for  periods  ranging  from  a few  days  to  six  weeks  between  mid-December 
and  the  last  of  February.  On  the  higher  ridges,  snow  can  be  expected 
by  the  first  of  November  and  to  remain  on  the  ground  from  mid- 
November  until  June  or  later.  Winter  snowfall  increases  from 
approximately  75  inches  at  2,000  feet  to  400  inches  or  more  at  the 
crest  of  the  Cascades.  In  the  higher  elevations,  snow  reaches 
depths  of  10  to  15  feet  almost  every  winter  and  20  feet  in  the 
heavier  snowfall  seasons.  The  density  of  the  snow  pack  increases 
from  25  percent  water  equivalent  in  early  winter  to  45  percent  in 
March . 


Temperature 

During  the  warmest  summer  months , afternoon  temperatures  in 
the  lower  elevations  range  from  85°  to  95°F.  and  minimums  from  55° 
to  65°F.  Maximum  temperatures  exceed  90°  on  50  to  60  days  and 
100°F.  on  5 to  10  days.  The  diurnal  variation  in  relative  humidity 
is  from  25  percent  in  the  afternoon  to  70  percent  near  sunrise.  On 
the  higher  slopes  of  the  mountains,  maximum  temperatures  range  from 
65°  to  75°F.  and  minimum  temperatures  from  40°  to  50°F.  Maximum 
temperatures  have  reached  105°  to  115°F.  in  the  warmest  valleys  and 
95°  to  100°F.  on  the  higher  slopes.  Table  101  and  figure  184  show 
temperature  data  and  location  of  weather  stations. 

Throughout  the  winter  season,  weather  systems  moving  eastward 
from  the  Pacific  and  occasional  outbreaks  of  cold  air  from  the 
interior  of  Canada  produce  frequent  changes  in  the  weather.  Maximum 
temperatures  range  from  25°  to  35°F.  and  minimums  from  15°  to  25°F. 
Maximums  are  below  freezing  on  20  to  40  days  and  minimums  below  zero 
on  2 to  5 nights.  In  a few  of  the  colder  winters,  below  zero  read- 
ings have  been  recorded  on  10  to  20  nights.  Minimum  temperatures 
ranging  from  -20°  to  -25°F.  have  been  recorded  in  most  areas  and 
-30°F.  at  a few  reporting  stations. 

The  growing  season  varies  from  approximately  140  days  to 
180  days.  The  average  date  of  the  last  32°F.  temperature  in  the 
spring  ranges  from  mid-April  to  mid-May,  and  the  first  in  the  fall 
is  during  the  first  half  of  October. 
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Table  101.  Average  and  Extreme  Temperatures  (°F),  Yakima  Subregion 


Stat ion 

Data 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aue- 

Sept . 

Oct. 

Nov. 

Dec . 

Annual 

Benton  City  2NW 

Av.  Max. 

38.1 

45.8 

58.4 

68.4 

75.9 

83.2 

92.0 

89.5 

80.2 

67.8 

51 . 1 

41.3 

66.0 

Av.  Min. 

22.9 

27.2 

32.9 

38.2 

45.0 

51.4 

55.9 

53.4 

47.0 

39.0 

31.1 

26.7 

39.2 

Mean  1/ 

30.6 

36.6 

45.7 

53.3 

60.4 

67.3 

73.9 

71.5 

63.6 

53.4 

41.1 

34.0 

52.6 

Highest 

67 

72 

85 

98 

103 

106 

114 

106 

103 

92 

81 

76 

114 

Lowest 

-29 

-23 

8 

15 

24 

34 

40 

36 

22 

11 

-4 

-30 

-30 

Bumping  Lake 

Av.  Max. 

33.0 

37.9 

42.5 

50.0 

58.4 

64.2 

74.5 

74.7 

67.3 

56.3 

42.1 

34.1 

52.9 

Av.  Min. 

13.9 

16. 1 

20.3 

26.5 

32.6 

38.3 

42.4 

41.5 

35.9 

30.3 

23.9 

18.9 

28.4 

Mean 

23.  1 

26.5 

30.9 

38.1 

45.6 

50.9 

58.2 

57.7 

51.9 

43.0 

32.3 

26.6 

40.4 

Highest 

55 

60 

73 

80 

89 

94 

101 

97 

94 

85 

66 

61 

101 

Lowest 

-38 

-35 

-18 

-3 

13 

22 

27 

23 

17 

-5 

-12 

-28 

-38 

Ellensburg  2/ 

Av.  Max. 

33.0 

40.6 

51.1 

61.4 

69.4 

74.8 

84.0 

82.9 

75.0 

61.9 

45.0 

37.1 

59.7 

FAA  AP 

Av.  Min. 

16.2 

21.4 

28.5 

34.8 

42.5 

48.6 

53.8 

52.4 

44.8 

35.9 

26.9 

22.5 

35.7 

Mean 

24.6 

31.0 

39.8 

48.1 

56.0 

61.7 

68.9 

67.7 

59.9 

48.9 

36.0 

29.8 

47.7 

Highest 

60 

62 

79 

90 

95 

100 

107 

100 

97 

87 

71 

59 

107 

Lowest 

-29 

-27 

-1 

15 

20 

31 

37 

36 

26 

17 

-6 

-13 

-29 

Lake  Cle  El  urn 

Av.  Max. 

33.4 

38.6 

45.4 

54.7 

62.3 

68.2 

77.4 

78.1 

70.8 

58.5 

43.7 

36.5 

55.6 

Av.  Min. 

19.0 

21.6 

26.7 

32.3 

39.0 

45.8 

50.7 

49.7 

42.3 

35.2 

28.3 

23.8 

34.5 

Mean 

26.0 

29.9 

35.7 

43.6 

$1.2 

57.1 

64.3 

63.4 

56.9 

46.8 

35.5 

30.  3 

45.1 

Highest 

56 

58 

73 

88 

92 

97 

105 

100 

97 

88 

75 

64 

105 

Lowest 

-26 

-28 

-11 

9 

18 

29 

32 

31 

21 

12 

-8 

-13 

-28 

Rimrock-Tieton 

Av.  Max. 

34.1 

39.4 

46.0 

5S.2 

63.4 

69.5 

79. S 

78.1 

70.5 

58.4 

43.9 

36.6 

56.2 

Dam 

Av.  Min. 

17.4 

20.7 

25.8 

31.6 

37.3 

43.1 

47.2 

45.7 

40.7 

33.9 

26.8 

22.0 

32.7 

Mean 

25.6 

29.8 

35.3 

43.4 

50.5 

56.1 

63.0 

61.7 

56.1 

46.3 

35.1 

29.8 

44.4 

Highest 

59 

64 

76 

86 

92 

96 

103 

98 

95 

86 

68 

61 

103 

Lowest 

-25 

-22 

-8 

4 

20 

26 

31 

30 

19 

9 

-6 

-2 

-25 

Snoqualmie  Pass 

2/  Av.  Max. 

32.1 

35.7 

42.6 

50.7 

57.7 

62.3 

69.9 

68.6 

63.6 

53.2 

39.6 

33.3 

50.8 

Av.  Min. 

20.4 

22.1 

26. 1 

30.5 

34.7 

40.0 

45.7 

45.8 

41.7 

35.0 

27.6 

24.4 

32.8 

Mean 

26.3 

28.9 

34.4 

40.6 

46.2 

51.2 

57.8 

57.2 

52.7 

44.1 

33.6 

28.9 

41.8 

Highest 

51 

76 

69 

81 

84 

92 

101 

95 

101 

88 

60 

53 

101 

Lowest 

-17 

-15 

0 

7 

16 

27 

31 

34 

26 

13 

-6 

-6 

-17 

Sunnyside 

Av.  Max. 

38.0 

46.3 

57.9 

67.7 

75.6 

82.2 

90.2 

88.4 

79.1 

66.9 

50. 1 

40.3 

65.2 

Av.  Min. 

21.6 

26. 1 

30.9 

36.8 

44.  1 

49.9 

53.6 

51.3 

44.9 

36.6 

29.7 

25.4 

37.6 

Mean 

30.2 

36.0 

44.2 

52.6 

60.5 

66.2 

72.1 

69.7 

63.2 

52.6 

39.7 

33.8 

51.7 

Highest 

70 

71 

82 

96 

101 

106 

112 

108 

99 

88 

76 

69 

112 

Lowest 

-26 

-19 

7 

16 

24 

32 

39 

36 

18 

14 

-23 

-30 

-30 

Yakima  1/ 

Av.  Max. 

35.5 

44.7 

53.9 

64.7 

73.9 

79.5 

88.3 

85.5 

78.4 

63.9 

48.3 

39.7 

63.0 

WH  AP 

Av.  Min. 

16.4 

23.5 

28.4 

34.3 

43.1 

49.2 

52.6 

50.4 

43.7 

34.9 

27.0 

23.2 

35.6 

Mean 

27.5 

34.0 

42.0 

50.5 

58.5 

64.4 

71.0 

68.6 

61.3 

50.5 

37.4 

31.5 

49.8 

Highest 

64 

69 

80 

88 

98 

103 

105 

102 

100 

85 

70 

62 

105 

Lowest 

-21 

-25 

-1 

21 

25 

33 

35 

35 

29 

17 

-3 

-2 

-25 

1/  Period  may  be  longer  or  shorter  than  the  .SO  year  normal  1930-1959. 
2/  Temperature  extremes  are  for  period  of  record  through  1960. 
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The  prevailing  direction  of  the  wind  is  from  the  west  and 
northwest;  however,  the  highest  velocities  are  from  the  southwest. 

The  average  velocity  ranges  from  approximately  6 miles  per  hour 
(mph)  in  winter  to  9 mph  in  summer.  The  diurnal  variation  in  wind 
is  small  in  winter;  however,  in  summer  there  is  a noticeable  increase 
in  the  velocity  from  the  west  and  northwest  in  late  afternoon. 

Extreme  winds  at  30  feet  above  the  ground  can  be  expected  to  reach 
50  mph  at  least  once  in  2 years,  60  to  75  mph  once  in  50  years,  and 
80  mph  or  higher  once  in  100  years. 


Evaporation 


Annual  evaporation  from  a class  A pan  is  estimated  at  50  to 
60  inches  in  the  lower  valleys  and  30  to  40  inches  on  the  higher 
slopes.  Monthly  amounts  are  from  2 to  5 inches  in  spring  and  fall 
and  6 to  9 inches  in  summer.  Annual  loss  by  evaporation  from  lakes 
and  reservoirs  is  estimated  at  25  inches  in  the  mountains  and 
40  inches  in  the  lower  valleys. 


Evapotransniration 


The  potential  evapotranspiration  is  25  to  30  inches  in  the 
lower  valleys  and  18  to  22  inches  on  the  higher  slopes.  Assuming 
that  soils  have  a water  storage  capacity  of  6 inches,  computations 
have  been  made  of  the  actual  evapotranspiration  which  occurs  with 
normal  precipitation  and  temperatures.  Estimated  annual  amounts 
are  6 to  8 inches  in  valleys  and  12  to  15  inches  in  the  mountains. 
Potential  evapotranspiration  exceeds  actual  evapotranspiration  by 
approximately  6 inches  in  the  mountains  and  20  inches  in  the  valleys. 


Storms 

During  the  warm  season,  precipitation  frequently  occurs  as 
showers  and  is  associated  with  thunderstorm  activity.  Occasionally 
rather  intense  thunderstorms  develop  over  the  mountains  and  heavy 
showers  and  hail  are  reported.  Flash  floods  have  occurred  at  the 
mouth  of  canyons.  A few  of  the  thunderstorms  drift  across  the 
valleys;  however,  most  follow  the  higher  ridges  in  an  easterly 
direction  from  the  summit  of  the  Cascades. 


Sunshine 

During  the  colder  months,  the  loss  of  heat  by  radiation  at 
night  and  moist  air  crossing  the  Cascades  result  in  considerable 
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fog  and  cloudiness.  Heavy  fog  is  reported  on  4 to  8 days  each 
month  from  November  through  February.  The  number  of  clear  or  only 
partly  cloudy  days  each  month  is  from  5 to  8 in  winter,  10  to  20  in 
spring  and  fall,  and  20  to  28  in  summer.  The  percent  of  possible 
sunshine  received  each  month  is  from  15  percent  to  25  percent  in 
winter,  40  percent  to  60  percent  in  spring  and  fall,  and  75  percent 
to  85  percent  in  summer. 


SURFACE  WATER 

The  principal  streams  draining  the  east  slope  of  the  Cascade 
Range  in  the  northern  portion  of  the  subregion  are  the  Yakima, 
Kachess,  and  Cle  Elum  Rivers.  Farther  south  is  the  Naches  River, 
whose  main  tributaries.  Bumping  and  Tieton  Rivers,  also  head  in  the 
east  slope  of  the  Cascades.  Issuing  from  the  foothills  of  the 
Cascade  Range  south  of  the  Naches  River  are  the  North  and  South 
Forks  of  Ahtanum  Creek,  Toppenish,  and  Satus  Creeks. 


Quantity 

The  average  annual  discharge  from  the  subregion  is  about 
3,240  cfs  or  0.54  cfs  per  square  mile,  one  of  the  lower  rates  in 
the  region. 


Present  Utilization 

Average  annual  diversions  within  this  subregion  total  about 
2,400,000  acre-feet  for  irrigation  of  approximately  500,000  acres. 
Diversions  for  other  uses  such  as  industrial,  municipal,  etc.  are 
small  in  comparison.  Diversions  are  comprised  of  natural  flow, 
storage  releases,  and  return  flows.  There  are  also  some  diversions 
made  for  hydroelectric  power  generation. 


Table  102  - Rest 

irvoirs  Having  ; 

i Total  Capacity  of 

5,000  Acre-Feet 

or  More,  Sub 

region  3 

Tot  a 1 

Act i ve 

Surface 

Use 

Name 

Stream 

Storage 

Storage 

Area 

( acre- feet ) 

('acre-feet ) 

(acres) 

Bumping  Lake 

Bumping  R. 

33,700 

33,700 

1 ,310 

1R 

Cle  F. lum  Lake 

Cle  1 lum  R . 

436  ,900 

436,900 

4,800 

IR 

Clear  Creek  lake 

N.F.  Tieton 

P.  5,300 

. 500 

265 

IR 

Kachess  Lake 

Kachess  R. 

239 ,000 

259  ,.000 

4,525 

IR 

Keechelus  Lake 

Yakima  R. 

157.800 

157,800 

2,526 

IR 

Rimrock  Lake 

Tieton  P . 

198,000 

198,000 

2,528 

IR 
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Stream  Management 


Competition  for  water  among  the  various  users  necessitates 
efficient  stream  management.  Storage  and  releases,  diversions, 
conservation,  legal  constraints,  etc.,  all  are  a part  of  the  water 
management  system. 


Impoundments  Reservoirs  in  the  subregion  having  a total 
capacity  of  5,000  acre-feet  or  more  are  listed  in  table  102.  The 
uses  listed  are  those  which  are  now  considered  prime  functions  of 
the  reservoirs  and  do  not  necessarily  represent  the  specific 
considerations  in  the  planning  of  the  reservoirs  or  the  only  uses 
of  the  reservoirs.  These  reservoirs  are  also  used  for  flood  control 
on  an  incidental  basis. 


Diversions  The  largest  diversions  are  for  irrigation. 
There  are  also  diversions  for  generation  of  hydroelectric  power. 
Power  diversions  are  nonconsumptive  and  the  water  is  generally 
returned  to  the  stream  within  a short  distance  of  the  diversions, 
although  in  one  instance  the  distance  is  about  12  miles. 


Channel  Modification  Channel  modification  generally  has 
been  in  the  form  of  either  bank  protection  or  levee  construction  as 
flood  control  measures.  Dredging  is  sometimes  used  to  increase 
channel  capacity  for  flood  control.  owever,  its  effects  are 
limited  and  confined  to  reaches  of  the  river  where  it  will  not 
interfere  with  irrigation  intake  works  which  conform  to  present 
stream  conditions. 


Forecasting  Forecasting  of  runoff  is  used  primarily  to 
assure  optimum  control  and  use  of  water  for  irrigation.  Forecast- 
ing for  flood  control  is  also  practiced  to  permit  multiple  use  of 
storage  consistent  with  regulation  of  water  for  irrigation. 


Constraints  There  arc  no  interstate  compacts  or  inter- 
national treaties  that  are  concerned  with  runoff  in  the  Yakima 
Subregion. 


Surplus  Water  There  is  almost  complete  utilization  of  water 
during  the  irrigation  season.  The  only  surplus  water  would  be 
uncontrolled  flows  during  the  winter  and  spring.  With  the  present 
level  of  irrigation  development,  large  shortages  in  certain  areas 
can  occur.  Additional  storage  facilities  would  reduce  these  irriga- 
tion shortages  and  would  also  reduce  the  winter  and  spring  surplus 
discharge . 
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Water  Rights 

In  the  Yakima  Subregion,  consisting  essentially  of  Water 
Resource  Inventory  Areas  37  through  39  (figure  185) , a total  of 
217  active  surface  water  right  appropriation  records  in  permit  and 
certificate  stages  were  on  file  with  the  State  of  Washington 
Department  of  Water  Resources  on  April  30,  1967.  Prime  appropri- 
ative  rights  in  this  area  allow  summer  period  diversions  totaling 
5,654  cfs  with  consumptive  diversions  amounting  to  5,462  cfs , 
partially  consumptive  diversions  175  cfs,  and  nonconsumptive 
diversions  17  cfs.  Under  supplemental  rights  a total  of  33  cfs  has 
been  appropriated. 

A total  of  537  adjudicated  rights  has  been  decreed  in  this 
subregion.  These  allow  prime  right  diversions  totaling  598  cfs, 
all  of  which  are  classified  as  being  consumptive  to  the  resource. 
Supplemental  adjudicated  rights  have  been  granted  for  a total  of 
4 cfs . 

Reservoir  storage  rights  obtained  under  the  appropriative 
procedure  allow  a total  annual  retention  of  1,077,886  acre-feet  in 
the  Yakima  Subregion. 

Prime  water  right  quantities  for  the  more  important  use 
categories  and  total  actual  surface  water  right  quantities  are 
listed  in  table  103  according  to  Water  Resource  Inventory  Areas  as 
defined  by  the  State  of  Washington  Department  of  Water  Resources. 
(Regional  Summary)  More  detailed  information  about  specific  rights 
can  be  obtained  from  the  Department  of  Water  Resources. 
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Table  103  - Surface  Water  Rights,  Yakima  Subregion,  1967 


Basin 

No .U  River  Basin 

Mun i c l pa  1 

Irrigation 

Individual 
and  Communi 
Domes t ic 

Industrial 
ty  and 

Comme rc i a 1 

Fish 

Propagatio 

n Stock 

Total!/ 

Reservoi r 
storage  Rights 

(Cubic 

Feet  per  Second) 

(Acre- Feet ) 

37  Lower  Yakima 

38  Naches 

39  Upper  Yakima 

115.20 
30.00 
1 .00 

637.88 
50.30 
2526 . 482/ 

1608. 19$/ 
52.37 
3542.08$/ 

105.55 

50.00 

2.00 

23.30 

27.81 

7.00 

0.03 

0.02 

0.96 

1 895.20$/ 
121 .97 
3636.711/ 

175 

242,600  V 
835 , 1 1 lii!‘ 

Appropri at ive  Totals 

146.20 

3214.66 

5202.64 

157.55 

58.11 

1.01 

5653.88 

1 ,077,886 

37  Lower  Yakima 

38  Naches 

39  Upper  Yakima 

204 . 19—^ 
44.25$/ 
349.68$/ 

204.19i{ 
44 . 25$/ 
157.58$/ 

203.81$/ 
44 . 25$/ 
157.58$/ 

204.19$/ 

44.25$/ 

349.48$/ 

Adjudicated  Totals 

598. 12 

406.02 

- 

405.64 

597.92 

Combined  Totals 
(Approp.  (,  Adjud.) 

146.20 

3812.78 

5608.66 

157.55 

58.11 

406.65 

6251 .80 

1 ,077,886 

J/  Water  Resource  Inventory  Area  number  as  shown  on  figure  IRS. 

2_/  Total  prime  right  quantities  do  net  agree  with  the  sum  of  the  uses  because  (1)  only  the  more  important  use  categories 
are  listed  and  (2)  water  right  quantities  that  are  common  to  two  or  more  uses  arc  listed  under  each  applicable  use 
category . 

y Includes  1000.00  cfs  common  with  power  generation  use  and  600.00  cfs  common  with  irrigation  use 
4/  Includes  1013.00  cfs  for  power  generation  use. 

5/  Nearly  all  of  the  quantities  for  stock  use  and  individual  and  community  domestic  supply  are  common  with  irrigation  use. 
6/  The  quantities  for  irrigation,  individual  and  community  domestic  supply  and  stock  use  are  all  common. 

7/  A total  of  2443.00  cfs  is  common  among  hydroelectric  power  generation,  irrigation,  and  individual  and  community  domcsti. 
uses . 

R/  A total  of  1S7.58  cfs  is  common  among  irrigation,  individual  and  community  domestic  supply  and  stock  uses. 

9/  Includes  3800  acre-feet  in  Clear  l.ake,  202,500  acre-feet  in  Rimrock  Lake,  and  34,000  acre-feet  in  Bumping  lake. 

10/  Includes  437,000  acre-feet  in  Cle  Mum  Lake,  157,800  acre-feet  in  keechelus  Lake,  zr.i  270.CC0  ...  mC  ■ Luke 


Discharge 


Within  this  subregion,  two  streams,  Cle  Elum  River  near 
Roslyn  and  Bumping  River  near  Nile,  which  are  not  affected  by  irri- 
gation depletion,  show  base  period  (30-year)  mean  discharges  equal 
to  about  98  percent  of  their  long-term  (62-  and  56-year)  means. 
Weather  records  show  that  precipitation  at  Lake  Cle  Elum  and  Bumping 
Lake  during  the  base  period  was  about  100  and  102  percent  of  the 
long-term  (52-  and  49-year  in  1960)  means.  Thus,  the  selected  base 
period  provides  representative  data  for  statistical  analysis. 


Measurement  Facilities  Summarized  on  table  104  are  pertinent 
data  for  streamflow  gages.  Figure  186  shows  the  location  of  the 
selected  sites  with  Geological  Survey  identification  numbers. 


Table  104.  Streamflow  Summary  for  Selected  Sites,  Subregion  3 


Drainage 

Period 

Annual  Flow 

1/  Momentary  Flow  2/ 

Station 

Gage 

Area 

of 

(cfs) 

(cfs) 

Stream 

Station 

Number 

Datum 

(sq  mi) 

Record 

Mean 

Max . 

Mi  n . 

Max. 

Min. 

Yakima  River 

Mart  in 

4745 

2,422.40 

54.7 

03-65 

327 

563 

169 

7,370 

0 

Kachess  River 

Easton 

4 760 

2.188.10 

63 . 6 

03-65 

286 

526 

134 

2.530 

0 

Cle  Elum  River 

Ros lyn 

4790 

2,102.10 

203 

03-65 

911 

1,630 

537 

18,700 

0 

Yakima  River 

1 1 e 11 um 

4795 

1 .900 

495 

06-65 

1,575 

3,092 

879 

25,600 

46 

Yakima  River 

Ihnt  anum 

4H45 

1,300.00 

1.594 

06-65 

2,325 

4,374 

1 . 290 

41,000 

138 

Bumping  River 

Ni  le 

4880 

3,367.10 

70.7 

09-65 

3/ 

288 

538 

154 

5.180 

0 

American  River 

Nile 

4885 

2,700.00 

78.9 

39-65 

5/ 

235 

420 

150 

2.600 

20 

Tieton  River 

Tieton  Dam 

4915 

2,680.99 

187 

25-65 

3/ 

495 

887 

278 

8,450 

0 

Naches  River 

Naches 

4940 

1 ,549.67 

941 

08-65 

3/ 

1,478 

2,769 

786 

32.200 

1 

N.  F.  Ahtanum  Creek 

Tampico 

5005 

2,450 

68.9 

07-65 

65 

1 19 

29 

823 

4 

S.  F.  Ahtanum  Creek 

Conrad  Ranch  5010 

2,400 

24.8 

15-65 

19 

34 

7 

424 

2 

Yakima  River 

Parker 

5050 

885.89 

3.668 

08-65 

1 .894 

5,113 

356 

65,000 

4 

Yakima  River 

Kiona 

5105 

454.41 

5.615 

33-65 

$/ 

3,240 

6,843 

1,540 

67,000 

105 

1/  RegulateJ  values  for  b 

asc  period 

71929-1958) 

1970  conditions. 

2/  Observed  values  for  period  of  record. 
3/  Denotes  other  short  periods  of  record. 
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The  first  two  digits  of  the  identification  number,  part  number  (12), 
have  been  omitted  because  Subregion  3 lies  entirely  within  the  area 
designated  as  Part  12,  the  Washington  coast  and  the  Columbia  River 
Basin  above  Snake  River. 


Average  Discharge  for  Subregion  3 The  flow  generated  within 
the  subregion  is  shown  in  table  105  and  is  plotted  as  figure  187. 
Figure  186  is  a map  of  isopleths  showing  mean  annual  runoff  for  the 
period  1931-1960. 

Average  Discharge  for  Selected  Stations  In  this  section  of 
the  report  detailed  data  for  each  of  the  selected  sites  described 
in  table  104  are  presented. 

The  monthly  discharges  upon  which  these  hydrographs  are 
based  are  generally  taken  from  a computer  study  made  of  the  Yakima 
River  Basin  water  supply.  The  American  River  near  Nile  and  the 
North  and  South  Forks  of  Ahtanum  Creek  are  exceptions.  The  monthly 
discharges  for  these  streams  are  taken  from  Geological  Survey  Water 
Supply  Papers  1316  and  1736.  The  records  for  these  three  stations 
were  extended  by  correlation.  The  discharges  -for  the  stations  are 
shown  in  table  106  through  table  118.  llydrographs  for  several 
conditions  of  flow  of  the  selected  sites  are  shown  on  figures  188 
to  200. 


Table 

105.  Modi 

fied  Mean 

Discharge,  in  CFS,  in  Yakima  Subregion 

Oct. 

Nov. 

Pec. 

Jan. 

Feb. 

Mar. 

A££j_ 

MAXIMUM 

May 

June 

July 

Au£- 

Sept . 

Annual 

4833 

7670 

17995 

12038 

10383 

9209 

11718 

MAXIMUM  YEAR 

19033 

158/7 

4143 

1821 

4062 

9898 

42SS 

7670 

6443 

4718 

3013 

6076 

11718 

20  PERCENT 

19033 

12796 

2124 

1537 

2736 

6843 

2349 

4118 

3975 

3614 

3950 

5146 

4832 

MEAN 

9072 

7156 

2040 

1729 

2105 

4174 

2051 

3134 

3533 

2966 

3344 

3685 

3552 

80  PERCENT 

5712 

5409 

1911 

1584 

1994 

3240 

1492 

2023 

1885 

1746 

2063 

2452 

1380 

MINIMUM  YEAR 

1674 

1950 

1517 

1486 

1648 

1776 

1548 

1730 

1536 

1339 

1637 

925 

1268 

MINIMUM 

1905 

2042 

1534 

1487 

1525 

1540 

572 

1573 

958 

1339 

1488 

925 

930 

1196 

1426 

1181 

1144 

1057 

1149 
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Frequency  curves  of  mean  discharge  are  shown  on  figures  201 
to  213.  These  curves  present  the  highest  and  lowest  average  flow 
for  periods  of  1,  3,  6,  and  12  consecutive  months.  The  mean  annual 
flow  is  also  indicated. 

Duration  curves  for  monthly  and  annual  flows  are  presented 
in  figures  214  to  226.  The  daily  curves  are  shown  only  when  data 
are  available  from  Geological  Survey  daily  summaries  and  are  for 
the  entire  period  of  record.  The  discharge  for  the  maximum  day  is 
listed  on  the  graph  because  of  space  limitations. 

, Frequency  curves  of  annual  peak  flows  are  shown  in  figures 

227  to  239.  These  curves  were  computed  using  the  standard  method 
of  the  Corps  of  Engineers  (Beard,  1962).  The  entire  period  of 
record  is  used  in  defining  these  curves. 

Dependable  yield  of  the  river  basins  is  given  in  tables  119 
to  131.  These  tables  show  the  lowest  mean  flows  for  from  1 to  10 
consecutive  years  out  of  the  30-vear  base  period.  The  relationship 
of  these  means  to  the  30-year  mean  is  also  given.  The  minimum  year 
for  all  streams  ranges  between  64  and  18  percent  and  averages 
50  percent  of  the  mean.  These  tables  show  that  the  use  of  the  mean 
annual  discharge  to  determine  the  total  amount  of  water  in  a stream 
is  not  realistic,  even  with  carryover  storage.  The  use  of  the 
minimum  year  or  some  point  on  the  duration  curve,  such  as  the 
90  percent  point,  presents  a more  practical  approach  to  estimating 
the  total  amount  of  water  that  could  be  made  available. 


Variations  in  Discharge  Long-term  variations  in  discharge 
and  precipitation  are  presented  in  figure  240  and  figure  241  (pages 
321  and  322).  The  means  for  the  base  period  and  for  the  entire 
period  of  record  are  shown.  The  means  used  for  discharge  are  from 
Water  Supply  Papers  instead  of  the  computer  study  because  the  data 
from  the  computer  study  arc  for  the  base  period  only. 


The  mean  precipitation  of  46.37  inches  at  Bumping  Lake  and 
35.77  inches  at  Lake  Cle  Elum  for  the  30-vear  base  period  are  about 
102  and  100  percent  of  their  long-term  (49-  and  52-vear  in  1960) 
mean.  This  indicates  that  the  selected  base  period  is  representative 
of  the  long-term  period.  Also,  the  graphs  show  the  maximum  and 
minimum  of  record  occurred  during  the  base  period  which  again  gives 
more  meaning  to  the  base  period  record.  The  base  period  discharge 
for  both  is  about  98  percent  of  the  long-term  mean  indicating  that 
the  data  used  in  the  analyses  represent  average  conditions.  The 
ratios  of  base  period  discharge  to  long-term  mean  at  about  one-half 
of  the  other  sites  are  similar  while  the  others  are  affected  by 
irrigation  depletions. 
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The  graphs  also  present  5-year  moving  averages  for  precipi- 
tation and  discharge.  These  averages  show  the  relationship  between 
precipitation  and  discharge.  The  data  presented  indicate  no  long- 
term trend,  either  declining  or  increasing,  or  long-term  rhythmic 
cycle  of  precipitation  or  discharge. 

The  duration  curves  for  selected  sites  as  seen  in  figures  214 
to  226  show  the  range  in  annual  flows.  The  range  in  annual  flows 
during  the  30-year  base  period  varies  considerably  at  some  stations. 
The  maximum  year  varies  between  3 and  12  times  the  minimum  year. 

Seasonal  variations  in  runoff  are  clearly  shown  in  the  hydro- 
graphs of  figures  188  to  200.  These  hydrographs  indicate  that  two 
peaks  occur,  one  during  the  winter  and  the  other  in  the  spring.  The 
winter  flood  is  an  occasional  occurrence,  as  shown  by  the  mean 
hydrograph,  but  may  have  a peak  as  great  as  the  spring  snowmelt 
flood.  At  several  of  the  stations,  the  winter  peak  is  larger  than 
the  spring  peak  for  the  maximum  year  of  record.  Since  most  of  the 
gages  are  below  storage  reservoirs,  the  winter  floods  with  less 
volume  and  more  storage  available  are  more  highly  regulated  than 
the  normal  large  volume  spring  and  summer  snowmelt  floods. 


Streamflow  Travel  Time  The  data  available  on  streamflow 
travel  time  are  limited  to  the  travel  time  of  releases  from  the 
various  reservoirs  to  Sunnyside  Diversion  Dam,  located  one-tenth 
of  a mile  above  the  station  Yakima  River  near  Parker.  Data  on 
travel  time  of  releases  from  Keechelus  Lake,  Kachess  Lake,  and  Cle 
Elum  Lake  to  intermediate  stations  between  the  reservoirs  and 
Sunnyside  Diversion  Dam  are  not  available.  There  is  one  station, 
Naches  River  below  Tieton  River  near  Naches,  and  an  additional 
location,  Tieton  Canal  headworks  , at  which  travel  time  of  releases 
from  Rimrock  Lake  is  available.  Travel  time  of  releases  from 
Bumping  Lake  is  also  available  at  the  station  on  the  Naches  River. 
The  streamflow  travel  time  is  presented  on  figure  242. 


r- 
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River  Profiles  River  profiles  for  selected  streams  are 
shown  in  figures  243  and  244.  The  profiles  are  based  on  River  Mile 


Indexes  published  by  the  Columbia  Basin  Inter-Agency  Committee. 


The  Yakima  River  flows  for  a distance  of  about  175  miles 
from  the  outlet  of  Keechelus  Lake  to  the  Columbia  River.  The  eleva- 
tion range  is  from  2,450  feet  to  340  feet,  a total  of  about  2,100 
feet.  With  a stream  gradient  of  this  magnitude  and  with  fairly 
consistent  medium  flows,  either  before  irrigation  diversion  from 
the  stream  or  after  large  return  flows  have  entered  the  river,  some 
hydroelectric  power  production  is  possible.  The  same  situation 
exists,  to  some  extent,  with  the  Naches  River,  which  begins  at  the 
confluence  of  Bumping  River  with  Little  Naches  River,  and  drops 
about  1,500  feet  in  45  miles. 


(Narrative  continued  on  page  324) 
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Table  106.  Modified  Mean  Discharges,  in  CFS,  Yakima  River  near  Martin,  Washington 


Water 


Year 

Oct. 

Nov. 

Dec . 

Jan. 

Feb . 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annual 

1928 

0 

686 

343 

694 

818 

452 

1929 

197 

0 

0 

0 

0 

0 

261 

203 

497 

886 

837 

541 

285 

1930 

167 

0 

0 

0 

0 

0 

0 

411 

980 

611 

377 

215 

230 

1931 

138 

0 

0 

0 

0 

0 

124 

171 

812 

1065 

371 

212 

240 

1932 

122 

0 

0 

0 

0 

0 

0 

441 

891 

728 

828 

539 

296 

1933 

207 

908 

112 

302 

0 

0 

0 

151 

1092 

602 

681 

1252 

442 

1934 

641 

397 

959 

485 

22 

574 

250 

364 

531 

774 

750 

447 

516 

1935 

47 

81 

0 

511 

0 

0 

64 

356 

701 

655 

758 

524 

308 

1936 

184 

0 

0 

0 

0 

0 

0 

898 

748 

719 

805 

497 

321 

1937 

158 

0 

0 

0 

0 

0 

0 

63 

928 

634 

750 

479 

251 

1938 

215 

523 

42 

115 

0 

0 

0 

554 

445 

694 

798 

516 

325 

1939 

128 

0 

0 

0 

0 

0 

114 

691 

566 

807 

844 

529 

307 

1940 

190 

0 

0 

0 

0 

0 

0 

455 

661 

963 

883 

454 

300 

1941 

94 

0 

0 

0 

0 

0 

0 

625 

449 

302 

302 

489 

188 

1942 

88 

0 

0 

0 

0 

0 

0 

286 

558 

997 

642 

350 

243 

1943 

148 

0 

0 

0 

0 

0 

0 

91 

850 

499 

750 

854 

266 

1944 

122 

17 

62 

0 

0 

0 

182 

465 

674 

917 

844 

294 

298 

1945 

179 

0 

0 

0 

0 

0 

108 

93 

454 

1109 

993 

613 

296 

1946 

215 

0 

0 

0 

0 

0 

0 

182 

1002 

6S2 

795 

716 

297 

1947 

294 

59 

283 

259 

23 

211 

146 

737 

432 

702 

720 

472 

362 

1948 

415 

437 

0 

0 

0 

0 

0 

587 

1213 

628 

672 

785 

395 

1949 

234 

129 

0 

0 

0 

0 

0 

954 

808 

668 

699 

790 

357 

1950 

363 

492 

23 

109 

0 

55 

0 

520 

1321 

624 

642 

1180 

444 

1951 

407 

422 

223 

158 

302 

0 

0 

852 

634 

624 

740 

SOI 

407 

1952 

328 

134 

0 

0 

0 

0 

0 

447 

471 

724 

735 

588 

286 

1953 

124 

0 

0 

145 

149 

0 

25 

522 

612 

517 

657 

881 

303 

1954 

164 

200 

289 

153 

0 

0 

0 

593 

975 

652 

649 

1284 

413 

1955 

215 

249 

0 

0 

0 

0 

175 

0 

1018 

641 

758 

1079 

345 

1956 

522 

481 

73 

41 

0 

0 

0 

1018 

1059 

551 

680 

471 

408 

1957 

979 

178 

574 

21 

0 

0 

0 

667 

376 

808 

766 

548 

410 

1958 

55 

0 

0 

0 

0 

0 

0 

693 

471 

732 

787 

472 

268 

Mean 

244 

158 

88 

77 

17 

28 

48 

470 

741 

715 

718 

618 

327 

Tabic  107.  Modified  Mean  Discharges,  in  CFS,  Kachess  River  near  Easton,  Washington 


Water 

Year 

Oct. 

Nov. 

Dec . 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug, 

Sept, 

Annual 

1928 

0 

769 

361 

862 

1088 

694 

1929 

72 

0 

0 

0 

0 

0 

274 

121 

395 

751 

940 

800 

279 

1930 

213 

0 

0 

0 

0 

0 

0 

367 

316 

424 

655 

523 

208 

1931 

73 

0 

0 

0 

0 

0 

116 

158 

397 

541 

675 

524 

207 

1932 

75 

0 

0 

0 

0 

0 

0 

0 

0 

719 

943 

716 

204 

1933 

128 

0 

0 

0 

9 

0 

0 

380 

973 

462 

870 

590 

284 

1934 

423 

341 

1020 

502 

272 

538 

311 

397 

592 

1037 

1130 

771 

611 

1935 

33 

0 

0 

0 

0 

0 

72 

0 

371 

764 

1015 

771 

2S2 

1936 

210 

0 

0 

0 

0 

0 

0 

46 

674 

907 

1132 

771 

312 

1937 

200 

0 

0 

0 

0 

0 

0 

21 

0 

689 

989 

671 

214 

1958 

207 

0 

0 

0 

0 

0 

0 

132 

450 

837 

1096 

813 

295 

1939 

141 

0 

0 

0 

0 

0 

24 

0 

471 

876 

1072 

790 

281 

1940 

193 

0 

0 

0 

0 

0 

0 

70 

430 

824 

1028 

818 

280 

1941 

78 

0 

0 

0 

0 

0 

0 

428 

418 

250 

268 

422 

155 

1942 

55 

0 

0 

0 

0 

0 

0 

249 

363 

421 

633 

597 

193 

1943 

203 

0 

0 

0 

0 

0 

0 

0 

0 

392 

785 

603 

165 

1944 

89 

0 

0 

0 

0 

0 

176 

351 

464 

930 

1093 

439 

295 

1945 

257 

0 

0 

0 

0 

0 

106 

78 

361 

515 

807 

788 

243 

1946 

119 

0 

0 

0 

0 

0 

0 

0 

0 

366 

883 

593 

180 

1947 

20 

0 

0 

0 

56 

167 

77 

631 

334 

846 

1033 

697 

322 

1948 

0 

0 

0 

0 

0 

0 

0 

385 

1042 

704 

863 

708 

308 

1949 

0 

0 

0 

0 

0 

0 

0 

857 

710 

689 

902 

703 

322 

1950 

0 

0 

44 

151 

108 

98 

0 

608 

1134 

486 

798 

686 

343 

1951 

88 

355 

304 

218 

506 

0 

0 

880 

536 

735 

992 

778 

449 

1952 

0 

0 

0 

0 

0 

0 

0 

0 

274 

823 

1005 

887 

249 

1953 

132 

0 

0 

0 

0 

0 

25 

0 

281 

533 

893 

770 

220 

1954 

0 

0 

0 

98 

144 

0 

0 

738 

852 

554 

77  2 

622 

312 

1955 

104 

178 

0 

0 

178 

0 

180 

75 

1015 

481 

937 

716 

322 

1956 

8 

496 

167 

102 

63 

0 

32 

1268 

861 

398 

872 

647 

410 

19S7 

0 

81 

587 

78 

65 

0 

0 

805 

338 

984 

1034 

854 

402 

1958 

88 

0 

0 

0 

0 

0 

0 

0 

318 

953 

1068 

627 

2 54 

Mean 

107 

48 

71 

38 

46 

27 

46 

302 

479 

M 7 

907 

692 

286 

294 
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Table  108.  Modified  Mean  Discharges,  in  CFS,  Cle  Elum  River  near  Roslyn,  Washington 


tfater 

Year 

Oct . 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annual 

1928 

220 

3371 

1674 

2239 

2367 

1306 

1929 

220 

25 

25 

25 

25 

25 

748 

611 

1361 

2366 

2512 

1425 

781 

1930 

429 

25 

25 

25 

25 

25 

25 

1325 

1845 

1689 

1480 

450 

614 

1931 

233 

25 

25 

25 

25 

25 

341 

584 

1966 

2377 

1423 

486 

628 

1932 

517 

25 

25 

25 

25 

25 

25 

1161 

2603 

2145 

2374 

1494 

870 

1933 

356 

417 

364 

223 

25 

25 

25 

1997 

3442 

2091 

2161 

2066 

1099 

1934 

1610 

1136 

1938 

672 

418 

922 

2338 

2055 

2148 

2428 

2420 

1284 

1614 

1935 

93 

25 

25 

25 

25 

25 

234 

2041 

2376 

2135 

2320 

1523 

904 

1936 

433 

25 

25 

25 

25 

25 

25 

2140 

2316 

2239 

2338 

134S 

913 

1937 

411 

25 

25 

25 

25 

25 

25 

94 

2131 

2049 

2228 

1301 

697 

1938 

509 

25 

25 

25 

25 

25 

25 

2628 

2250 

2250 

2319 

1373 

957 

1939 

332 

25 

25 

25 

25 

25 

99 

1062 

1733 

2488 

2525 

1397 

813 

1940 

408 

25 

25 

25 

25 

25 

25 

610 

2264 

2628 

2607 

1156 

819 

1941 

281 

25 

25 

25 

25 

25 

25 

1171 

1091 

1766 

1494 

432 

532 

1942 

197 

25 

25 

25 

25 

25 

25 

950 

1450 

2476 

1920 

914 

671 

1943 

312 

25 

25 

25 

25 

25 

25 

25 

2205 

1769 

2317 

1402 

682 

1944 

249 

25 

25 

25 

25 

25 

528 

1457 

2035 

2597 

2546 

839 

865 

1945 

249 

25 

25 

25 

25 

25 

284 

25 

1548 

2823 

2662 

1442 

763 

1946 

293 

25 

25 

25 

25 

25 

25 

25 

2556 

1919 

2304 

1286 

711 

1947 

67 

25 

377 

156 

396 

88 

1035 

2820 

1049 

2223 

2299 

1339 

1040 

1948 

25 

545 

25 

25 

25 

25 

25 

2590 

3945 

1979 

2003 

1343 

1046 

1949 

25 

116 

25 

25 

25 

25 

25 

3720 

2529 

1889 

2029 

1435 

989 

1950 

228 

1284 

216 

25 

25 

25 

25 

2335 

4126 

2115 

2086 

1982 

1206 

1951 

932 

877 

566 

138 

1048 

25 

541 

3109 

2356 

2169 

2283 

1427 

1290 

1952 

25 

25 

25 

25 

25 

25 

25 

1745 

1615 

2207 

2239 

1593 

793 

1953 

255 

25 

25 

25 

25 

25 

89 

1091 

2156 

1967 

2145 

1476 

775 

1954 

163 

244 

314 

37 

32 

25 

25 

2776 

2976 

2379 

2081 

2287 

1112 

1955 

517 

640 

25 

25 

25 

25 

452 

216 

3704 

1797 

2298 

1721 

954 

1956 

953 

1398 

226 

25 

25 

25 

274 

4099 

3200 

1860 

2127 

1355 

1297 

1957 

1228 

334 

1119 

25 

25 

25 

25 

3112 

1558 

2397 

2299 

1571 

1144 

1958 

26 

25 

25 

25 

25 

25 

25 

1350 

1595 

2335 

2392 

1454 

775 

Mean 

386 

250 

189 

62 

85 

57 

247 

1631 

2291 

2182 

2207 

1347 

911 

Table  109. 

Mod i f i ed 

Mean  Discharges, 

in  CFS,  Yakima  River 

at  Cle 

Elum,  Washington 

Water 

Year 

Oct. 

Nov . 

Dec . 

Jan . 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Au£  • 

Sept  . 

Annual 

1928 

826 

5348 

1896 

2859 

3215 

1696 

1929 

387 

176 

161 

112 

153 

398 

1687 

1535 

1943 

3140 

3372 

2044 

1259 

1930 

613 

92 

159 

229 

459 

691 

1134 

2029 

2472 

2179 

2041 

753 

1071 

1931 

524 

166 

101 

145 

293 

465 

1291 

1320 

2513 

2974 

1732 

692 

1018 

1932 

597 

212 

320 

345 

257 

964 

1108 

2068 

3158 

2693 

3151 

2039 

1409 

1933 

662 

2355 

1028 

1278 

308 

364 

566 

3145 

5857 

2393 

2777 

3245 

1998 

1934 

3065 

2499 

6046 

3115 

1763 

3312 

3760 

2567 

2568 

3180 

3272 

1839 

3082 

> 

b. 

1935 

315 

739 

592 

1558 

789 

603 

919 

2727 

3116 

2646 

5169 

2121 

1608 

1936 

714 

182 

148 

252 

313 

566 

1331 

4270 

3605 

3013 

3281 

1852 

1627 

6 - 

1937 

678 

86 

226 

172 

225 

408 

630 

621 

3096 

2486 

2959 

1734 

1110 

1 1 

1938 

608 

1082 

611 

602 

259 

457 

877 

3855 

2820 

2798 

3150 

2062 

1598 

• 

1939 

509 

341 

468 

685 

337 

506 

1015 

1867 

2274 

3226 

3598 

2108 

1394 

“ 1 

1940 

779 

183 

420 

185 

549 

527 

585 

1075 

2556 

3312 

5444 

1797 

1268 

f . 

1941 

361 

175 

315 

161 

171 

301 

410 

2000 

1686 

2083 

1694 

946 

859 

f. 

1942 

372 

318 

431 

231 

221 

270 

676 

1385 

1918 

2958 

2156 

1111 

1004 

1943 

593 

321 

468 

463 

297 

472 

1351 

467 

2938 

1953 

2909 

2200 

1203 

1944 

476 

193 

453 

180 

243 

358 

1242 

2098 

2511 

3496 

3450 

88" 

1297 

; 

1945 

597 

190 

242 

611 

474 

304 

908 

467 

1795 

3351 

3413 

2118 

1206 

194b 

672 

356 

315 

397 

203 

472 

847 

1161 

3360 

2158 

3007 

1950 

1242 

1947 

407 

229 

1774 

919 

1041 

1216 

1881 

4081 

1555 

2766 

3187 

1862 

174  5 

1948 

600 

1657 

533 

324 

323 

413 

580 

4182 

6958 

2367 

2559 

2313 

1901 

i 

1949 

307 

526 

353 

450 

346 

564 

1385 

6893 

4118 

2499 

2772 

2376 

1882 

■ 

1950 

715 

2356 

899 

676 

573 

743 

892 

4498 

7168 

2714 

2751 

3171 

2263 

1951 

1468 

2477 

1925 

1003 

2697 

548 

1642 

5527 

3040 

2608 

3286 

2182 

2367 

1952 

480 

432 

262 

169 

308 

405 

901 

2572 

1909 

2852 

2980 

2437 

1309 

1953 

515 

79 

96 

717 

1026 

431 

765 

1959 

2761 

2114 

2737 

2427 

1302 

1954 

400 

568 

1519 

711 

564 

462 

689 

4852 

4718 

2940 

2582 

3489 

1957 

1955 

867 

1348 

275 

2 78 

699 

327 

1151 

751 

6079 

2270 

3008 

2911 

1664 

1956 

1779 

3254 

1047 

481 

280 

296 

1736 

7777 

5173 

1953 

2683 

1813 

2356 

1957 

2306 

866 

3608 

571 

331 

380 

921 

4997 

1667 

3128 

3166 

2371 

2026 

1958 

167 

155 

338 

319 

643 

473 

716 

2377 

1765 

3003 

3211 

1946 

1259 

Mean 

751 

787 

837 

578 

532 

590 

1120 

2837 

3237 

2704 

2910 

2018 

1575 

295 


Table  110. 

Modified 

Mean  Discharges, 

in  CFS, 

Yakima  River 

at  Umatanum,  Washington 

Water 

Year 

Oct. 

Nov . 

Dec . 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

to* . 

Sept . 

Annual 

1928 

2123 

6567 

2400 

3102 

3442 

2099 

1929 

787 

538 

418 

327 

380 

857 

2193 

2348 

2514 

3221 

3584 

•2266 

1619 

1930 

987 

254 

301 

335 

641 

961 

1988 

2436 

2782 

2221 

2207 

1299 

1368 

1931 

833 

341 

252 

387 

654 

899 

1839 

1636 

2909 

3091 

1964 

1037 

1320 

1932 

932 

508 

402 

813 

989 

3016 

3000 

3460 

3914 

2889 

3298 

2274 

2125 

1933 

1072 

3182 

1672 

1855 

700 

1072 

2558 

4678 

7329 

3039 

3096 

3605 

2822 

1934 

3587 

3230 

9377 

5527 

3389 

5659 

5832 

3322 

2824 

3338 

3437 

2123 

4304 

1935 

798 

1590 

1233 

3010 

2067 

1522 

2430 

4480 

4124 

2855 

3319 

2338 

2480 

1936 

1109 

484 

363 

525 

874 

1728 

4466 

5985 

4734 

3242 

3530 

2235 

2440 

1937 

1117 

323 

525 

467 

5 08 

1356 

2096 

2156 

4771 

2828 

3377 

2]  Of. 

1808 

1938 

1015 

1640 

1320 

1354 

742 

1992 

3585 

5621 

5578 

2953 

3434 

2467 

2475 

1939 

948 

666 

860 

1242 

706 

1522 

2212 

2711 

2655 

3372 

3621 

2353 

1906 

1940 

1124 

452 

844 

499 

888 

1551 

1664 

1889 

2862 

3563 

3654 

2218 

1767 

1941 

784 

519 

793 

468 

776 

1353 

1570 

2356 

1948 

2004 

1919 

1308 

1316 

1942 

771 

714 

967 

520 

675 

855 

2007 

2265 

2402 

3237 

2337 

1373 

1510 

1943 

1000 

820 

1197 

1187 

983 

1517 

4301 

1901 

4124 

2304 

3216 

2582 

2094 

1944 

940 

464 

717 

341 

443 

777 

1960 

2548 

2866 

3538 

3603 

1259 

1621 

1945 

964 

439 

511 

1143 

1176 

740 

1861 

1766 

2316 

3507 

3727 

2449 

1717 

1946 

953 

681 

691 

871 

632 

1585 

2938 

3515 

4471 

2623 

3298 

2420 

2056 

1947 

854 

528 

2829 

1545 

2098 

2652 

3274 

5276 

2331 

3037 

3507 

2318 

2521 

1948 

1275 

2309 

1070 

741 

807 

1007 

2072 

7273 

8929 

2764 

3094 

2671 

2834 

1949 

745 

928 

748 

733 

753 

2532 

4541 

9787 

5129 

2728 

3112 

2734 

2872 

1950 

1099 

2982 

1402 

899 

900 

2239 

2756 

7050 

9573 

2776 

2932 

3578 

3182 

1951 

2002 

3168 

3309 

1730 

4622 

1237 

4506 

8220 

4232 

2979 

3403 

2625 

3503 

1952 

1068 

916 

719 

478 

768 

1255 

2420 

3750 

2508 

3007 

3285 

2729 

1909 

1953 

899 

323 

294 

1558 

2323 

1224 

2047 

4026 

3884 

2498 

3180 

2827 

2090 

1954 

803 

911 

2073 

1312 

1592 

1405 

2230 

7333 

6173 

3491 

2959 

4015 

2858 

1955 

1397 

1847 

685 

574 

1125 

702 

2113 

2701 

7978 

2820 

3296 

3138 

2365 

1956 

2322 

4030 

2013 

1208 

824 

2455 

6331 

11566 

7044 

2390 

3161 

2331 

3806 

1957 

2859 

1323 

4600 

865 

727 

1418 

2625 

7015 

2299 

3333 

3543 

2681 

2774 

1958 

689 

4639 

709 

701 

1761 

1457 

2301 

4306 

2412 

3154 

3467 

2373 

2331 

Mean 

1191 

1358 

1430 

1107 

1184 

1618 

2857 

4446 

4187 

2958 

3184 

2384 

2325 

Table 

111. 

Modified  Mean 

Discharges,  in 

CFS,  Humping 

Ri  ver 

near  Nile, 

Washingt 

on 

Water 

Year 

Oct. 

Nov . 

Dec . 

Jan. 

Feb.  Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annua  1 

1928 

0 

1042 

595 

465 

265 

163 

1929 

73 

94 

49 

54 

47 

0 

119 

272 

607 

426 

241 

126 

176 

1930 

33 

25 

41 

46 

0 

0 

304 

501 

543 

281 

229 

119 

177 

1931 

34 

61 

44 

29 

0 

0 

202 

785 

434 

278 

228 

109 

184 

1932 

49 

118 

34 

3 

151 

335 

79 

805 

993 

561 

395 

173 

308 

1933 

60 

439 

195 

65 

65 

98 

0 

457 

1524 

906 

486 

361 

371 

1934 

367 

348 

980 

467 

2S4 

571 

595 

654 

461 

286 

224 

138 

445 

1935 

221 

605 

140 

171 

243 

210 

55 

620 

1008 

512 

364 

193 

362 

1936 

54 

52 

34 

0 

0 

0 

101 

1154 

884 

459 

288 

165 

266 

1937 

46 

30 

60 

44 

34 

0 

0 

400 

1155 

558 

397 

133 

238 

1938 

68 

334 

257 

145 

94 

101 

150 

938 

908 

504 

280 

126 

326 

1939 

62 

62 

46 

0 

20 

0 

290 

787 

595 

470 

244 

143 

227 

1940 

42 

57 

167 

0 

0 

167 

440 

676 

466 

273 

218 

118 

219 

1941 

52 

81 

83 

23 

5 

0 

247 

405 

345 

242 

286 

49 

152 

1942 

62 

190 

265 

28 

16 

0 

139 

496 

464 

428 

239 

145 

206 

1943 

36 

232 

137 

26 

74 

140 

271 

649 

1091 

633 

436 

259 

332 

1944 

57 

72 

94 

26 

19 

0 

126 

483 

429 

262 

244 

123 

161 

1945 

37 

62 

37 

102 

211 

104 

138 

618 

578 

426 

237 

182 

N> 

NJ 

05 

1946 

55 

97 

44 

72 

43 

93 

25 

1052 

1030 

646 

472 

178 

317 

1947 

101 

207 

366 

37 

202 

210 

168 

842 

503 

457 

289 

166 

296 

1948 

353 

291 

119 

29 

103 

154 

0 

652 

1215 

480 

389 

190 

331 

1949 

86 

126 

41 

34 

0 

151 

29 

1130 

1005 

641 

439 

207 

324 

1950 

112 

479 

171 

26 

185 

311 

5 

629 

1313 

885 

480 

345 

412 

1951 

268 

408 

483 

185 

405 

184 

151 

954 

845 

537 

354 

145 

408 

1952 

169 

170 

78 

0 

57 

85 

89 

859 

652 

476 

286 

129 

254 

1953 

29 

32 

39 

244 

304 

119 

13 

580 

775 

676 

411 

250 

289 

1954 

55 

141 

247 

50 

85 

141 

0 

859 

941 

850 

452 

378 

350 

1955 

185 

262 

68 

0 

47 

85 

72 

122 

1146 

566 

437 

303 

274 

1956 

341 

496 

St  2 

70 

73 

94 

84 

1143 

1213 

793 

449 

291 

447 

1957 

198 

183 

307 

0 

85 

172 

5 

1107 

644 

460 

233 

131 

294 

1958 

65 

76 

31 

33 

142 

146 

0 

1193 

659 

455 

229 

138 

264 

Mean 

112 

195 

166 

67 

99 

122 

129 

727 

808 

515 

333 

185 

288 

I 


296 


Table  112.  Observed  Mean  Discharges,  in  CFS,  American  River  near  Nile,  Washington 


i 


Wat  e’r 
Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug . 

Sept . 

■\nnual 

1928 

264 

980 

492 

190 

60 

65 

1929 

50 

60 

49 

37 

36 

59 

117 

560 

540 

192 

65 

35 

150 

1930 

20 

15 

41 

33 

185 

120 

482 

465 

335 

110 

55 

30 

158 

1931 

22 

35 

28 

82 

132 

145 

309 

752 

260 

94 

53 

20 

161 

1932 

32 

80 

60 

91 

173 

298 

365 

742 

825 

350 

95 

74 

265 

1933 

40 

295 

150 

135 

78 

86 

208 

492 

1100 

725 

189 

115 

301 

1934 

209 

195 

715 

423 

225 

507 

881 

602 

260 

124 

51 

45 

353 

1935 

157 

500 

157 

211 

216 

185 

215 

682 

840 

310 

79 

92 

304 

1936 

55 

31 

35 

56 

41 

75 

427 

1068 

732 

185 

79 

67 

236 

1937 

31 

20 

60 

32 

37 

52 

195 

605 

960 

350 

95 

41 

206 

1938 

44 

202 

230 

191 

100 

89 

435 

868 

753 

227 

76 

35 

271 

1939 

40 

47 

101 

95 

65 

107 

418 

725 

444 

225 

69 

50 

199 

1940 

32 

38 

160 

140 

127 

225 

416 

725 

366 

107 

54 

41 

203 

1941 

62 

59 

113 

75 

71 

181 

349 

429 

263 

72 

41 

50 

147 

1942 

63 

118 

267 

84 

55 

69 

341 

425 

426 

164 

58 

38 

176 

1943 

32 

133 

128 

72 

79 

134 

595 

564 

698 

428 

97 

51 

251 

1944 

54 

65 

107 

54 

68 

110 

195 

378 

320 

87 

42 

35 

126 

1945 

32 

46 

53 

133 

174 

88 

162 

675 

497 

172 

59 

54 

179 

1946 

43 

79 

80 

98 

66 

91 

346 

985 

755 

443 

109 

61 

263 

1947 

73 

119 

286 

120 

203 

246 

403 

693 

406 

167 

69 

57 

237 

1948 

248 

246 

162 

127 

104 

95 

197 

803 

1014 

275 

90 

59 

285 

1949 

75 

75 

72 

54 

57 

100 

410 

1029 

723 

353 

106 

64 

260 

1950 

68 

270 

177 

80 

98 

185 

211 

687 

1060 

600 

146 

70 

304 

1951 

141 

272 

382 

162 

296 

138 

429 

821 

725 

279 

81 

56 

315 

1952 

107 

102 

119 

69 

97 

93 

409 

659 

480 

239 

74 

47 

206 

1953 

33 

33 

33 

197 

206 

116 

228 

608 

588 

460 

111 

52 

222 

1954 

71 

97 

223 

133 

100 

130 

298 

838 

719 

649 

214 

97 

297 

1955 

98 

194 

114 

80 

76 

62 

103 

406 

886 

375 

113 

66 

214 

1956 

166 

326 

229 

116 

72 

85 

451 

1172 

1016 

624 

151 

75 

374 

1957 

85 

104 

205 

73 

87 

132 

270 

861 

498 

145 

65 

41 

214 

1958 

53 

70 

76 

100 

153 

156 

243 

1022 

589 

146 

58 

43 

226 

Mean 

74 

131 

154 

112 

116 

139 

337 

711 

636 

291 

88 

56 

237 

Table  113. 

Modified  Mean 

Discharges 

, in  CFS, 

Tieton 

River  at  Tieton  Dam 

near  Naches,  Washington 

Water 

Year 

Oct. 

Nov . 

Dec . 

Jan. 

Feb. 

Mar . 

Apr. 

May 

June 

July 

Aue. 

Sept . 

Annua  1 

1928 

10 

1252 

879 

1218 

1200 

765 

1929 

211 

67 

106 

135 

119 

10 

257 

229 

620 

1239 

1180 

906 

423 

1930 

306 

61 

114 

132 

10 

10 

64 

639 

855 

894 

849 

642 

381 

1931 

156 

116 

80 

55 

10 

10 

165 

226 

815 

959 

738 

570 

325 

1932 

159 

15 

63 

16 

10 

10 

10 

167 

622 

1119 

1163 

835 

349 

1933 

233 

74 

117 

208 

158 

10 

10 

683 

1719 

1119 

1094 

992 

535 

1934 

528 

516 

1844 

1096 

546 

600 

400 

852 

1052 

1312 

1205 

771 

894 

1935 

47 

10 

10 

31 

405 

65 

116 

639 

1205 

1161 

1104 

835 

469 

1936 

299 

55 

83 

10 

10 

10 

10 

577 

1239 

1218 

1184 

785 

457 

1937 

296 

92 

63 

115 

97 

10 

10 

119 

587 

1197 

1229 

815 

586 

1938 

265 

10 

10 

263 

218 

10 

133 

1317 

1345 

1275 

1205 

850 

575 

1939 

267 

35 

10 

10 

58 

10 

61 

237 

824 

1182 

1185 

840 

393 

1940 

267 

133 

10 

10 

10 

10 

29 

202 

1067 

1506 

1226 

978 

437 

1941 

120 

25 

10 

47 

18 

10 

22 

577 

798 

662 

629 

585 

292 

1942 

156 

10 

10 

52 

43 

10 

10 

395 

790 

1233 

938 

859 

376 

1943 

111 

10 

10 

10 

10 

10 

10 

224 

1308 

1120 

1187 

845 

405 

1944 

265 

37 

10 

60 

45 

10 

170 

462 

998 

1341 

1195 

655 

437 

1945 

163 

109 

76 

10 

10 

10 

121 

182 

745 

998 

989 

810 

352 

1946 

159 

12 

10 

10 

10 

10 

10 

135 

965 

1112 

1169 

760 

364 

1947 

101 

224 

566 

236 

416 

182 

20 

1221 

891 

1179 

1132 

800 

581 

1948 

10 

331 

50 

203 

290 

42 

10 

1015 

1923 

1085 

1063 

847 

572 

1949 

26 

225 

10 

15 

72 

21 

101 

1769 

1435 

1151 

1070 

849 

562 

1950 

62 

533 

104 

202 

329 

244 

10 

1171 

1892 

1315 

1128 

1069 

672 

1951 

460 

691 

587 

392 

762 

145 

176 

1472 

1267 

1220 

1179 

877 

769 

1952 

10 

55 

33 

106 

257 

10 

10 

1153 

963 

1184 

1153 

934 

487 

1953 

250 

133 

132 

10 

10 

10 

39 

538 

1042 

ini 

1154 

894 

444 

1954 

158 

160 

213 

231 

259 

86 

10 

1294 

1267 

1185 

1068 

1141 

589 

1955 

291 

365 

10 

70 

207 

10 

230 

47 

1583 

899 

1171 

894 

481 

1956 

439 

716 

442 

272 

226 

10 

255 

1989 

1911 

1215 

1197 

807 

790 

1957 

420 

292 

286 

135 

211 

89 

10 

1356 

904 

1280 

1127 

926 

586 

1958 

154 

32 

13 

10 

10 

10 

10 

1122 

1010 

1327 

1215 

881 

4b3 

Mean 

213 

171 

169 

138 

161 

56 

83 

733 

1121 

1150 

1104 

838 

495 

297 
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Table  114. 

Modified 

Mean  Discharges,  in  CFS,  Naches  River  below  Tieton  River  near  Naches,  Washington 

Water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annual 

1928 

5221  ' 

2274 

1717 

1128 

667 

1929 

377 

301 

301 

272 

245 

345 

818 

2109 

2217 

1646 

10  37 

70? 

865 

1930 

358 

129 

301 

265 

445 

597 

1995 

2003 

1820 

1005 

655 

444 

835 

1931 

228 

289 

218 

301 

317 

338 

1326 

2776 

1541 

989 

598 

461 

782 

1932 

231 

301 

301 

301 

792 

1476 

1610 

3244 

3134 

1398 

1288 

718 

1274 

1933 

346 

1472 

954 

720 

443 

398 

1618 

3281 

6217 

3259 

1590 

1218 

1793 

1934 

1211 

1464 

7099 

4063 

2143 

3296 

3397 

2634 

1850 

1450 

1167 

1064 

2570 

1935 

569 

1734 

956 

1489 

1736 

847 

1309 

3820 

4027 

1963 

1275 

803 

1711 

1936 

361 

284 

301 

566 

577 

828 

2845 

5415 

4224 

2216 

1756 

1155 

1710 

1937 

382 

207 

301 

301 

301 

356 

1022 

2904 

4029 

2055 

1372 

736 

1164 

1938 

429 

882 

1028 

1254 

760 

904 

2654 

5324 

3960 

1896 

1263 

716 

1756 

1939 

449 

301 

379 

366 

301 

611 

1795 

2420 

1881 

1522 

1081 

692 

983 

1940 

359 

301 

602 

306 

445 

1101 

1923 

2646 

1933 

1333 

1093 

832 

1073 

1941 

271 

301 

467 

301 

301 

709 

1449 

1711 

1371 

659 

558 

430 

711 

1942 

380 

553 

1053 

301 

301 

374 

1603 

1980 

2091 

1624 

855 

637 

979 

1943 

177 

644 

715 

551 

517 

876 

3491 

3176 

4595 

2478 

1478 

830 

1627 

1944 

413 

301 

463 

301 

290 

367 

929 

1857 

1864 

1400 

1101 

506 

816 

1945 

234 

301 

301 

621 

870 

437 

936 

2925 

2213 

1356 

925 

711 

986 

1946 

309 

376 

390 

470 

329 

637 

1775 

4701 

3684 

2220 

1450 

518 

1405 

1947 

369 

709 

2088 

751 

1525 

1631 

1971 

4467 

2314 

1637 

1187 

803 

1621 

1948 

958 

1471 

813 

732 

874 

680 

1262 

5189 

6743 

2060 

1312 

810 

1909 

1949 

351 

632 

372 

301 

429 

935 

2550 

7200 

4382 

2169 

1416 

913 

1804 

1950 

351 

1773 

893 

566 

898 

1449 

1469 

5020 

7109 

3572 

1569 

1198 

2156 

1951 

1101 

2123 

2706 

1496 

2847 

1166 

2891 

5917 

3721 

1896 

1296 

773 

2328 

1952 

429 

528 

504 

351 

795 

590 

1943 

3956 

2539 

1793 

1176 

741 

1279 

1953 

311 

244 

301 

1073 

1295 

618 

1134 

3415 

3487 

2416 

1367 

857 

1376 

1954 

351 

529 

1177 

820 

904 

886 

1521 

5602 

4469 

3325 

1584 

1410 

1882 

1955 

728 

1055 

385 

328 

520 

315 

713 

1860 

5607 

2037 

1398 

976 

1327 

1956 

1210 

2402 

1868 

880 

671 

793 

3834 

8779 

6323 

3028 

1572 

938 

2692 

1957 

824 

825 

1537 

442 

634 

849 

1519 

5776 

2402 

1637 

1111 

788 

1529 

1958 

351 

301 

301 

387 

958 

880 

1474 

5898 

2706 

1691 

1148 

825 

1410 

Mean 

481 

758 

969 

696 

782 

843 

1826 

3934 

3482 

1942 

1222 

802 

1478 

Table 

115.  Observed  Mean 

Discharges, 

, in 

CFS,  N.  F. 

Ahtanum  Creek 

near 

Tampico, 

Washington 

Water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb.  Mar. 

Apr. 

May  June 

July 

Aug. 

Sept . 

Annua  1 

1928 

119 

239 

103 

37 

19 

15 

1929 

21 

24 

18 

16 

9 

31 

50 

134 

109 

37 

18 

13 

40 

1930 

14 

13 

16 

8 

50 

47 

121 

114 

70 

26 

15 

13 

42 

1931 

12 

11 

11 

14 

15 

12 

61 

118 

38 

17 

10 

10 

27 

1932 

12 

13 

13 

15 

27 

62 

94 

188 

153 

45 

21 

15 

55 

1933 

15 

31 

26 

16 

15 

25 

103 

159 

280 

112 

34 

23 

70 

1934 

24 

27 

175 

163 

103 

117 

184 

142 

72 

30 

18 

16 

89 

1935 

27 

72 

51 

81 

81 

52 

99 

210 

169 

52 

24 

17 

78 

1936 

16 

16 

14 

14 

8 

24 

113 

200 

112 

34 

17 

15 

49 

1937 

14 

14 

16 

10 

12 

25 

89 

182 

166 

51 

23 

19 

52 

1938 

17 

28 

31 

49 

29 

73 

196 

283 

209 

63 

29 

19 

86 

1939 

20 

19 

19 

16 

16 

40 

82 

110 

60 

22 

14 

12 

36 

1940 

12 

12 

18 

13 

30 

71 

114 

168 

82 

26 

16 

14 

48 

1941 

15 

17 

16 

16 

19 

73 

112 

106 

60 

20 

15 

14 

40 

1942 

14 

17 

48 

21 

19 

48 

134 

143 

105 

38 

18 

14 

52 

1943 

14 

26 

35 

32 

36 

64 

178 

169 

200 

93 

34 

21 

75 

1944 

21 

21 

16 

14 

15 

28 

46 

86 

51 

18 

12 

10 

28 

1945 

11 

11 

9 

12 

26 

22 

65 

145 

94 

24 

14 

13 

37 

1946 

12 

12 

16 

16 

16 

43 

91 

220 

152 

58 

24 

17 

56 

1947 

16 

26 

95 

21 

56 

68 

112 

216 

114 

37 

20 

18 

67 

1948 

36 

42 

32 

25 

33 

44 

107 

287 

368 

82 

42 

25 

94 

1949 

24 

24 

22 

19 

31 

66 

165 

308 

208 

66 

30 

24 

82 

1950 

22 

29 

26 

14 

22 

59 

123 

228 

300 

131 

38 

26 

85 

1951 

32 

56 

104 

66 

136 

71 

216 

308 

232 

72 

35 

25 

113 

1952 

28 

25 

31 

22 

33 

49 

158 

204 

138 

50 

24 

20 

65 

1953 

16 

14 

16 

71 

61 

41 

99 

209 

182 

92 

32 

22 

71 

1954 

21 

23 

31 

29 

45 

58 

128 

245 

298 

130 

42 

26 

90 

1955 

26 

32 

24 

21 

21 

22 

38 

125 

210 

59 

28 

21 

52 

1956 

27 

37 

65 

42 

29 

73 

295 

427 

328 

128 

47 

31 

127 

1957 

27 

27 

36 

19 

27 

51 

118 

271 

118 

36 

25 

18 

65 

1958 

23 

19 

23 

25 

74 

64 

126 

331 

162 

57 

27 

21 

79 

Mean 

20 

25 

35 

30 

36 

51 

121 

201 

161 

56 

25 

18 

65 

I 
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Table  lib.  Observed  Mean  Discharges,  in  CFS,  S.  F.  Ahtanum  Creek  at  Conrad  Ranch  near  Tampico,  Washington 


Water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar . 

Apr. 

May 

June 

July 

Au« . 

Sept . 

Annual 

1928 

35 

57 

25 

10 

8 

6 

1929 

6 

7 

6 

5 

4 

11 

12 

29 

22 

9 

5 

5 

10 

1930 

5 

5 

6 

3 

18 

18 

24 

25 

13 

7 

4 

4 

11 

1931 

5 

4 

4 

5 

6 

6 

13 

22 

9 

5 

4 

4 

7 

1932 

4 

4 

4 

5 

14 

24 

24 

46 

32 

12 

8 

6 

15 

1933 

6 

8 

7 

6 

5 

11 

30 

37 

72 

23 

11 

8 

19 

1934 

8 

8 

72 

72 

32 

30 

54 

36 

16 

9 

6 

5 

29 

1935 

9 

20 

19 

37 

27 

20 

30 

57 

44 

14 

9 

7 

24 

1936 

6 

7 

6 

6 

5 

11 

28 

48 

29 

10 

6 

6 

14 

1937 

5 

5 

6 

4 

4 

14 

40 

46 

37 

13 

7 

6 

16 

1938 

5 

7 

11 

16 

9 

34 

62 

68 

50 

15 

9 

7 

24 

1939 

7 

7 

6 

6 

6 

12 

18 

29 

14 

7 

4 

4 

10 

1940 

4 

5 

6 

5 

11 

26 

26 

37 

16 

7 

5 

4 

13 

1941 

4 

5 

5 

5 

8 

21 

23 

22 

11 

6 

5 

5 

10 

1942 

5 

6 

14 

7 

8 

21 

36 

36 

25 

10 

7 

6 

15 

1943 

5 

10 

12 

11 

13 

26 

60 

47 

63 

25 

12 

8 

24 

1944 

8 

8 

6 

4 

5 

8 

12 

20 

13 

6 

4 

4 

8 

1945 

4 

4 

4 

4 

8 

8 

17 

32 

21 

8 

6 

5 

10 

1946 

5 

5 

6 

6 

7 

17 

25 

51 

38 

15 

8 

6 

16 

1947 

6 

9 

37 

9 

23 

21 

28 

53 

29 

11 

7 

7 

20 

1948 

9 

9 

8 

6 

12 

20 

37 

77 

114 

26 

15 

11 

29 

1949 

9 

9 

8 

8 

13 

29 

47 

81 

60 

17 

10 

8 

25 

1950 

7 

7 

7 

5 

8 

27 

35 

52 

81 

33 

12 

8 

24 

1951 

10 

17 

34 

20 

56 

23 

54 

79 

58 

20 

12 

9 

33 

1952 

9 

9 

9 

6 

14 

17 

40 

47 

32 

13 

9 

7 

18 

1953 

6 

6 

6 

27 

20 

12 

23 

48 

49 

22 

11 

8 

20 

1954 

7 

7 

9 

10 

16 

19 

33 

58 

57 

31 

13 

9 

22 

1955 

9 

10 

8 

7 

7 

8 

12 

26 

47 

15 

8 

7 

14 

1956 

8 

10 

24 

15 

11 

39 

92 

100 

86 

34 

16 

12 

J7 

1957 

10 

10 

13 

7 

10 

22 

35 

56 

25 

11 

8 

7 

18 

1958 

8 

7 

8 

9 

35 

23 

40 

79 

44 

18 

11 

9 

24 

Mean 

7 

8 

12 

11 

14 

19 

34 

48 

40 

15 

8 

7 

19 

Table  117. 

Modified 

Mean  Discharges, 

in  CFS, 

Yakima  River 

near  Parker,  Washington 

Water 

Year 

Oct . 

Nov. 

Dec . 

Jan. 

Feb . 

Mar. 

Apr. 

May 

June 

July 

Aue. 

Sept . 

Annua 1 

1928 

860 

7852 

155 

125 

125 

1 25 

1929 

125 

908 

959 

870 

1037 

1163 

125 

125 

125 

125 

125 

125 

484 

1930 

125 

555 

889 

751 

1655 

1428 

936 

125 

125 

127 

120 

125 

578 

1931 

117 

743 

774 

1073 

31 

125 

125 

125 

122 

111 

141 

35“ 

1932 

125 

1101 

959 

1431 

2058 

4896 

2005 

2580 

2 566 

125 

125 

125 

1508 

1933 

125 

5161 

2919 

3023 

1592 

1537 

1427 

3771 

9146 

1504 

125 

2126 

2705 

1934 

3496 

5094 

16507 

10013 

6273 

8309 

6029 

1756 

125 

125 

125 

125 

4832 

1935 

125 

3914 

2424 

4893 

4582 

2076 

125 

3748 

3746 

125 

125 

125 

2167 

1936 

125 

1029 

855 

965 

761 

2159 

3872 

6265 

4074 

125 

125 

125 

1706 

1937 

125 

876 

1115 

920 

893 

1650 

1032 

200 

4513 

125 

125 

125 

975 

1938 

125 

2792 

2722 

2940 

1880 

3587 

4501 

6779 

3392 

125 

125 

125 

2408 

1939 

125 

1269 

1444 

1828 

1259 

1839 

139 

808 

125 

125 

125 

125 

“66 

1940 

125 

911 

1514 

909 

1693 

2629 

661 

150 

125 

125 

127 

126 

765 

1941 

124 

1045 

1613 

1034 

1300 

1860 

240 

125 

126 

125 

127 

125 

654 

1942 

125 

1457 

2369 

1070 

1545 

1081 

713 

125 

125 

125 

125 

125 

“32 

1943 

124 

1733 

2130 

2052 

1851 

2379 

605"7 

767 

4370 

125 

464 

1850 

1944 

132 

1166 

1486 

852 

1014 

1008 

125 

125 

125 

127 

127 

126 

534 

1945 

128 

1010 

1029 

2005 

2321 

980 

125 

125 

125 

125 

125 

125 

685 

1946 

125 

1400 

1392 

1707 

1266 

2272 

2024 

3920 

4050 

125 

125 

353 

1565 

1947 

167 

1486 

5476 

2646 

3970 

3807 

1538 

4956 

262 

125 

125 

125 

20^8 

1948 

1171 

4035 

2207 

1693 

1959 

1475 

1022 

8886 

11812 

125 

125 

373 

290 

1949 

203 

1818 

1254 

891 

1507 

3659 

4682 

12592 

5089 

125 

125 

405 

2696 

1950 

354 

4948 

2564 

1202 

2249 

3579 

2161 

7623 

12756 

2249 

125 

1624 

3453 

1951 

2307 

5590 

6574 

3851 

8547 

3371 

5158 

10028 

3896 

125 

125 

125 

4140 

1952 

576 

1726 

1450 

964 

1885 

1790 

1376 

3418 

634 

125 

125 

125 

1183 

1953 

125 

849 

842 

3015 

4022 

1154 

125 

3S72 

3242 

125 

125 

494 

1474 

1954 

195 

1708 

3494 

2094 

2661 

2021 

840 

8668 

6136 

2276 

125 

2333 

2713 

1955 

1130 

3230 

1314 

1197 

1883 

675 

1 25 

545 

8815 

281 

125 

1025 

1679 

1956 

2623 

6766 

4411 

2553 

1773 

4193 

9133 

16646 

9356 

857 

125 

125 

4880 

195“ 

2720 

2455 

6190 

1472 

1849 

2576 

2461 

9094 

250 

125 

125 

125 

2454 

1958 

382 

1027 

4735 

1332 

3282 

2380 

2410 

6455 

521 

125 

125 

125 

1908 

Mean 

586 

2264 

2786 

2031 

2313 

2385 

205" 

4129 

3330 

343 

125 

125 

1894 

299 


Modified  Mean  Discharges,  in  CFS,  Yakima  River  at  Kiona,  Washington 


Water 

Year 

Oct . 

Nov. 

Dec . 

Jan. 

Feb . 

Mar. 

Apr 

May 

June 

July 

Aug. 

Sept . 

Annual 

1928 

241  2 

9071 

2235" 

2068 

1821 

1969 

1929 

1656 

2065 

1924 

1719 

1846 

2435 

1394 

1457 

2190 

1756 

1729 

2042 

1851 

1930 

1734 

1722 

1886 

1775 

2795 

2624 

2413 

1922 

1950 

1534 

1487 

1525 

1947 

1931 

1548 

1730 

1536 

1339 

1637 

925 

1268 

1905 

2042 

1566 

1144 

12S4 

1491 

1932 

1246 

1573 

1570 

2072 

2098 

6745 

3226 

4127 
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RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 
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Figure  214  Duration  curves,  Yakima  River  near  Mortin 


Figure  215  Duration  curves,  Kachess  River  neor  Easton 


Figure  216  Duration  curves,  Cle  Elum  River  neor  Roslyn 


Figure  217  Duration  Curves,  Yakimo  River  ot  Cle  Elum 
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Figure  227  Frequency  curve  of  annual  peak  flows,  Yoklma  River  near 
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Table  119.  Dependable  Yield,  Yakima  River  near  Martin,  Washington  Table  120.  Dependable  Yield,  Kachess  River  near  Easton,  Washington 

Lowest  Percent  of  ~ Lowest  Percent  of 
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Table  123.  Dependable  Yield,  Yakima  River  at  Umtanum,  Washington  Table  124.  Dependable  Yield,  Bumping  River  near  Nile,  Washington 
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Table  131.  Dependable  Yield,  Yakima  River  at  Kiona,  Washington 


Consecutive  Years  of 
Lowest  Mean  Flow 

Inclusive 

Years 

Lowest 
Mean  Flow 
(cfs) 

Percent  of 
1929-58 
Mean 

i 

1931 

1539.7 

47.5 

2 

1944-45 

1769.4 

54.6 

3 

1929-31 

1815.8 

56.1 

4 

1939-42 

1945.4 

60.1 

S 

1941-45 

2087.5 

64.4 

6 

1940-45 

2093.4 

64 . 6 

7 

1939-45 

2072.9 

64.0 

8 

1939-46 

2165.1 

66.8 

9 

1937-45 

2321.8 

71.7 

10 

1937-46 

2370.7 

73.2 

30 

1929-58 

3239.5 

100.0 
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FIGURE  240.  Long-term  variation  in  precipitation  and  streamflow 


MEAN  DISCHARGE  PRECIPITATION 


ELEVATION  ABOVE  MEAN  SEA  LEVEL,  IN  FEET 


Quality 


The  quality  of  water  in  the  Yakima  Subregion  is  generally 
good.  Detailed  data  for  the  subregion  are  presented  on  the  follow- 
ing pages. 


Chemical 


The  economy  of  the  Yakima  River  Basin  is  almost  entirely 
agricultural.  More  than  400,000  acres  of  land  are  irrigated,  and 
almost  all  the  summer  flow  in  the  lower  80  miles  of  the  Yakima 
River  consists  of  return  flow.  (155)  This  intensive  irrigation  use 
is  reflected  in  the  mineral  quality  of  the  surface  waters  in  the 
bas in . 


The  headwaters  of  the  Yakima  River  originate  in  the  Cascade 
Mountains  where  precipitation  exceeds  100  inches  annually,  and  the 
rock  formations  are  resistant  to  solution.  This  environment  pro- 
duces very  soft  dilute  calcium  bicarbonate  waters  which  have  average 
dissolved  solids  concentrations  of  about  40  mg/1  or  less  (figure  245). 

After  leaving  the  mountains,  the  Yakima  River  and  its  tribu- 
taries flow  for  most  of  their  length  through  an  arid  basin  where 
precipitation  averages  less  than  10  inches  per  year.  Were  there 
no  large-scale  irrigation,  there  would  be  some  natural  downstream 
increase  in  mineralization  and  the  average  dissolved  solids  concen- 
tration at  the  mouth  would  probably  be  about  60  mg/1.  (155-87) 
However,  daily  records  since  1952  for  Yakima  River  at  Kiona  show 
the  average  annual  dissolved  solids  concentration  to  be  169  mg/1. 

The  maximum  and  minimum  reported  dissolved  solids  concentrations 
are  242  and  67  mg/1  respectively.  The  water  at  Kiona  is  still 
primarily  calcium  bicarbonate,  but  the  percentage  of  sulfate  and 
sodium  is  about  twice  that  found  in  the  headwater  streams. 

The  mean  percentage  of  salts  in  the  lower  Yakima  River  that 
were  derived  from  irrigation  return  flows  (by  leaching  and  ion 
exchange)  during  the  irrigation  and  nonirrigation  seasons  in  1959-60 
was  estimated  to  be  61  and  49  percent,  respectively.  (155-89)  The 
high  percentage  of  salts  contributed  during  the  nonirrigation  season 
results  from  the  substantial  quantity  of  subsurface  drainage  which 
continues  to  enter  the  stream  as  the  ground-water  table  subsides 
after  application  of  irrigation  water  ceases. 

liven  though  the  mineralization  increases  over  fourfold 
between  the  headwaters  and  the  mouth,  the  waters  of  the  Yakima  River 
are  still  relatively  dilute  and  only  moderately  hard.  With  the 
exception  of  high  water  temperature  and  its  possible  effect  on  the 
fishery  resource,  the  water  quality  of  the  Yakima  River  has  not 
been  seriously  affected  by  irrigation  return  flows.  (155-89)  The 
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water  is  in  the  low  salinity  class  and  is  suitable  for  reuse  as 
irrigation  water.  Color  and  turbidity  sometimes  exceed  the  stand- 
ards set  for  drinking  water,  and  treatment  would  be  required  for 
control  of  these  parameters. 

Biological -Biochemical 

Dissolved  oxygen  concentrations  within  the  Yakima  Subregion 
are  normally  maintained  at  satisfactory  levels.  However,  substand- 
ard, dissolved  oxygen  concentrations  occur  seasonally  in  local 
reaches  of  the  river  and  these  are  in  the  process  of  correction. 
Data  collected  during  the  summer  of  1961  and  shown  in  figure  246 
indicate  that  the  dissolved  oxygen  pattern  in  the  main  stem  Yakima 
River  is  governed  by  photosynthetic  organisms,  and  considerable 
diurnal  fluctuation  occurs.  The  accompanying  table  132  gives  dis- 
solved oxygen  and  coliform  levels,  collected  over  a longer  period 
of  time,  for  the  Yakima  and  its  major  tributaries. 


FIGURE  246.  Dissolved  Oxygen,  Percent  Saturation. 


Table  132.  Dissolved  Oxygen  & Coliform  Organisms  Densities,  Yakima  Subregion 


Dissolved  Oxygen  Coliform  Organisms 


Location 

mg/1 

/100  ml 

Mean 

Min 

Max 

Mean 

Min 

Max 

Yakima  R.  at  Cle  Elum 

11.0 

8.7 

13.5 

478 

0 

9,300 

Teanaway  R.  at  Hwy  10  Br. 

11.4 

8.5 

15.1 

1,922 

0 

23,000 

Wilson  Creek  at  Hwy  10  Br . 

10.0 

8.9 

11.7 

2,346 

230 

11,000 

Middle  F.  Naches  R.  nr  Cliffdel 

12.  7 

11.3 

13.7 

36 

0 

430 

Bumping  R.  at  American  R. 

10.9 

8.6 

13.5 

14 

0 

91 

American  R.  at  American  R. 

11.5 

9.4 

14.5 

39 

0 

230 

Rattlesnake  Creek  nr  Nile 

11.4 

8.9 

14.5 

45 

0 

430 

Tieton  R.  at  Oak  Creek 

11.3 

8.5 

14.0 

74 

0 

430 

Naches  R.  nr  Naches 

12.2 

8.4 

13.4 

4,000 

0 

24,000 

Naches  R.  nr  Yakima 

11.9 

8.5 

16.6 

394 

0 

4,600 

Yakima  nr  Richland 

10.5 

8.0 

15.1 

— 

— 

— 

Conversely,  coliform  densities  in  the  main  stem  below 
Ellensburg  and  on  some  of  the  tributaries  are  above  1,00(  organisms/ 
100  ml,  indicating  a condition  unsuitable  for  swimming  or  as  a raw 
water  supply  for  municipal  and  food  processing  purposes.  Figure  247, 
developed  from  intensive  survey  data,  illustrates  the  bacterial 
quality  existing  in  the  main  stem  Yakima  River  during  the  summer  of 
1962. 

Nutrient  concentrations  in  the  lower  reaches  of  the  Yakima 
River  are  in  excess  of  threshold  limits  for  stimulation  of  nuisance 
aquatic  growths,  and  heavy  growths  are  found  in  the  river  from  Roza 
Diversion  Dam  to  the  mouth. 


Sediment 

Suspended  sediment  concentration  data  are  almost  nonexistent 
for  the  Yakima  Subregion.  A few  samples  were  obtained  in  1910-11 
at  three  sites  and  in  1951-52  (unpublished)  at  one  site.  (17)  No 
concentrations  higher  than  84  mg/1  were  observed.  Sediment  data 
were  obtained  for  five  stockpond  sedimentation  studies  in  the  area 
generally  between  Yakima  and  F;  1 lensburg . The  rate  of  sediment 
yield  in  the  watersheds  contributing  to  these  ponds  averaged  less 
than  0.03  acre-foot  per  square  mile.  Figure  248  (30)  shows  that 
sediment  yield  in  the  region  ranges  between  0.02  and  0.5  acre- foot 
per  square  mile  per  year,  but  that  about  95  percent  of  the  entire 
subregion  produces  less  than  0.1.  The  generally  low  sediment  yield 
may  be  attributable  to  either  low  precipitation  and  runoff  or 
generally  good  cover  conditions  where  precipitation  is  high. 

A 
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FIGURE  249.  Monthly  water  temperatures  for  selected  stations.  Top,  i iddle,  and  6 ottoms  Pars  repre  .-rf 
maximum,  mean,  and  minimum  temperatures. 


Water  Temperature 

Water  temperature  data  are  limited  in  this  subregion.  Data 
are  collected  regularly  at  only  two  stations  selected  for  detailed 
analysis,  Yakima  River  near  Parker  and  Yakima  River  at  Kiona. 
Limited  data  are  available  for  the  selected  station,  Yakima  River 
at  Cle  Elum.  The  temperature  data  for  these  three  stations  are 
presented  in  figure  249.  The  longer  the  record,  the  greater  the 
spread  between  maximum  and  minimum  water  temperatures  although  the 
means  should  be  representative  of  the  long-term  means.  The  station 
Yakima  River  at  Kiona  has  the  longest  period  of  record.  The  range 
of  the  mean  July  temperature  at  this  station  is  70°F.  to  78°F.  The 
maximum  July  water  temperature  ranged  from  75°F.  to  84°F.  and  the 
minimum  from  60°F.  to  72°F. 
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There  are  three  important  aquifer  units  in  Subregion  3:  the 

alluvial  deposits  (Qal) , the  Ellensburg  Formation  (Te) , and  the 
basalt  of  the  Columbia  River  Group  (Ter) . Moderate  to  moderately 
large  yields  can  be  obtained  from  wells  in  any  one  of  the  three 
units  at  favorable  locations,  and  there  has  been  considerable  devel- 
opment and  utilization  of  ground  water  from  each.  Large  supplies 
also  are  available  at  many  other  places.  The  other  aquifer  units 
have  not  been  extensively  tested  but,  except  for  the  Tieton  andesite 
which  is  of  small  areal  extent,  probably  will  yield  only  small  to 
moderate  supplies  at  most  places.  The  chemical  quality  of  the  ground 
water  is  generally  good  to  excellent  for  most  uses. 


Several  reports  describe  aquifers  and  ground  water  occurrence 
in  Subregion  3.  These  are  listed  in  references  14,  32,  47,  58,  138, 
145,  and  195. 


Aquifer  Units  and  Their  Hydrologic  Characteristics 

Seven  aquifer  units  were  delineated  in  Subregion  3 on  the 
basis  of  a map  compiled  by  Sceva  (58)  and  the  State  Geologic  Map 
(54)  and  are  shown  in  figure  250. 

The  youngest  unit,  designated  the  alluvial  aquifer  unit  (Qal) 
for  brevity,  includes  chiefly  alluvial  fan,  stream  channel,  flood 
plain,  and  glacial  outwash  deposits  that  form  valley  fills  along 
most  of  the  streams  and  extensive  basin  fills  in  the  Ellensburg  and 
the  upper  and  lower  Yakima  Basins.  Some  of  the  deposits  have  been 
partly  dissected  and  occur  as  benches  and  terraces.  The  thickness 
may  exceed  500  feet  at  some  places.  The  materials  consist  of  uncon- 
solidated to  moderately  well-cemented  sand  and  gravel  with  lesser 
amounts  of  silt  and  clay.  Cemented  basaltic  gravel  underlies 
benches  around  the  margins  of  some  basins.  The  stream  alluvium  and 
fan  material  also  commonly  are  basaltic.  Gravels  that  are  tightly 
cemented  yield  little  water,  but  wells  in  the  unconsolidated  or 
lightly  cemented  sand  and  gravel  yield  several  hundred  gallons  per 
minute  where  the  zone  of  saturation  is  25  to  50  feet  thick.  Where 
50  to  100  feet  of  saturated  sand  and  gravel  are  encountered,  yield.' 
of  500  to  1,000  gpm  generally  can  be  obtained.  Specific  capacities 
commonly  are  10  to  50  gpm  per  foot  and  exceed  100  gpm  per  foot  in 
some  wells. 

fhe  Tieton  andesite  (QTa)  of  Pleistocene  age  consists  of  a 
series  of  dark  gray  to  purple,  vesicular  andesite  flows  that  partly 
filled  the  ancestral  Tieton  and  Naches  Valleys.  Columnar  jointing 
is  well  developed.  It  probably  has  hydrologic  characteristics 
similar  to  the  Tertiary  and  Quaternary  volcanic  rocks  (QTv)  in 
other  subregions  and,  if  so,  would  be  an  excellent  aquifer  where 


B 


331 


LOCATION  MAP 


AQUIFER  UNITS 


saturated.  It  is  confined  to  two  small  areas,  one--a  belt  about 
2 miles  wide  by  12  miles  long  between  the  Naches  River  and  Cowiche 
Creek,  where  it  may  be  mostly  above  the  water  table--and  the  other-- 
a small  uninhabited  area  south  of  Tieton  Reservoir.  Few  data  have 
been  compiled  for  it. 

The  Ellensburg  Formation  (Te)  is  at  the  surface  or  underlies 
the  alluvial  aquifer  unit  in  most  of  the  Ellensburg  and  upper  and 
lower  Yakima  Basins  and  in  the  Wenas  and  Ahtanum  Valleys.  It  con- 
sists of  massive  to  thin  bedded  silt  and  clay,  semi  consol idated  sand 
with  minor  lenses  of  gravel  or  conglomerate.  It  is  predominantly 
gray-tan  or  buff  with  rusty-brown  sand  and  gravel.  The  materials 
are  chiefly  of  volcanic  origin;  the  silt  and  sand  consist  of  ash 
and  pumice  with  some  quartz  and  dark  minerals;  the  gravel  consists 
of  pumice,  tuff,  and  purple  andesite.  The  unit  is  more  than 
1,200  feet  thick  in  the  Kittitas  Valley  and  may  be  1,800  feet  thick 
at  some  places  in  the  Yakima  Valley.  The  fine-grained  and  tightly 
cemented  strata  have  low  permeabilities;  but  lightly  cemented,  well 
sorted  sand  and  gravel  lenses  are  moderately  permeable.  Wells 
several  hundred  feet  deep  at  favorable  locations  commonly  yield 
100  to  300  gpm,  and  at  a few  places  500  to  1,000  gpm.  The  specific 
capacities  of  the  better  wells  generally  range  from  1 to  10  gpm 
and  rarely  exceed  25  gpm  per  foot. 

Basalt  of  the  Columbia  River  Group  (Ter)  crops  out  over 
about  one-half  of  the  subregion  and  underlies  much  of  the  alluvial 
aquifer  unit  and  the  Ellensburg  Formation.  The  group  consists  of 
a great  series  of  flood  type  basaltic  flows  20  to  100  feet  thick 
with  some  interbeds  of  sediments  and  pyroclastics . The  basalt  is 
dark  gray  to  black  and  is  fine  grained  to  glassy.  The  central  and 
basal  parts  of  each  flow  generally  are  dense  and  may  be  massive  or 
have  columnar  jointing,  but  the  upper  parts  generally  are  vesicular 
and  have  platy  jointing.  Permeable  zones  occur  where  a succeeding 
flow  incompletely  filled  and  sealed  the  porous  upper  part  of  the 
preceding  flow.  The  interflow  zones  may  be  very  permeable;  and 
where  a sequence  of  several  successive  basalt  flows  are  penetrated, 
the  chances  of  obtaining  a moderate  to  large  supply  of  water  are 
good.  Interbeds  of  ash,  tuff,  or  other  fine-grained  materials 
reduce  the  permeability  of  interflow  zones,  but  coarse-grained 
sedimentary  and  pyroclastic  rocks  increase  the  permeability  of  the 
zones  at  some  places.  Where  several  permeable  interflow  zones  are 
penetrated,  well  yields  may  be  100  to  more  than  1,000  gpm.  Generally, 
well  yields  are  about  one  to  one  and  one-half  gpm  per  foot  of  pene- 
tration below  the  water  table.  Water  may  be  far  below  the  surface 
beneath  uplands,  but  at  lower  elevations  some  wells  flow.  Faults 
and  other  structures  impede  the  circulation  of  water  in  the  basalt 
and  may  cause  water  levels  that  appear  to  be  anomalously  high. 


The  other  three  aquifer  units  are  largely  confined  to 
uninhabited  mountainous  areas  in  the  western  and  northwestern  parts 
of  the  subregion.  They  include  continental  sedimentary  strata, 
chiefly  of  Eocene  age  (Tc) , volcanic  rocks  of  Eocene  and  Oligocene 
age  (Tov) , and  undifferentiated  rocks  of  pre-Tertiary  age  (pT) . The 
sedimentary  strata  consist  of  consolidated  stratified  shale,  sand- 
stone, conglomerate,  coal,  and  limestone.  Basalt  flows,  tuffs,  and 
other  volcanic  rocks  are  interbedded  with  the  sedimentary  strata  in 
some  areas.  The  volcanic  rocks  (Tov)  consist  chiefly  of  andesite 
and  basalt  flows  with  interbedded  tuff,  agglomerate,  and  other 
pyroclastic  rocks.  The  pre-Tertiary  rocks  (pT)  are  largely  schist, 
gneiss,  slate,  and  similar  metamorphic  rocks.  Few  data  are  avail- 
able; but  indications  are  that  at  most  places,  rocks  of  these  three 
units  would  have  small  yields  sufficient  only  for  domestic  or  stock 
use.  Coarser  grained  sedimentary  rocks  and  more  permeable  parts  of 
the  volcanic  rocks  might  yield  moderate  supplies  at  a few  places. 

The  major  importance  of  these  aquifers  is  their  capacity  to  store 
significant  quantities  of  water  in  deeply  weathered  cones  during 
and  after  periods  of  rainfall  and  snowmelt.  Discharge  from  those 
shallow  ground-water  bodies  maintains  the  base  flow  of  streams  and 
is  a stabilizing  influence  on  stream  discharge  throughout  the  year. 

Brief  descriptions  of  the  aquifer  units,  their  general  hydro- 
logic  characteristics,  and  the  general  quality  of  the-  water  yielded 
by  them  are  given  in  table  133.  The  general  availability  of  ground 
water  is  shown  on  a map,  figure  251.  For  maximum  utility,  that  map 
and  the  aquifer  unit  map,  figure  250,  should  be  used  together. 

Because  thickness  and  water  bearing  characteristics  vary 
from  place  to  place,  the  yield  of  wells  in  any  aquifer  unit  varies 
greatly.  The  yield  range  given  applies  to  the  majority  of  the 
wells;  5 or  10  percent  may  yield  more,  and  5 or  10  percent  less, 
than  the  range  given. 


Water  in  Storage 

A rough  estimate  of  the  quantity  of  water  stored  in  a 
specified  depth  interval  below  the  water  table  is  given  in  table  134. 
The  specific  yield  of  the  alluvial  deposits  (Qal)  is  estimated  to  be 
about  20  percent.  A specific  yield  of  5 percent  was  used  for  the 
Tieton  andesite  (QTa) , the  value  used  for  volcanic  rocks  of  similar 
age  in  Idaho.  However,  this  value  may  prove  to  be  too  high  for  the 
Tieton  andesite. 

The  specific  yield  of  the  Ellensburg  Formation  (Te)  probably 
ranges  from  a few  percent  to  20  percent.  A specific  yield  of 
10  percent  was  assigned  to  this  unit. 
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Unweathered  basalt  (Ter)  is  very  dense  in  the  central  parts 
of  each  flow,  but  interflow  zones  may  have  a porosity  of  5 to  10 
percent.  The  water  table  generally  is  below  the  zone  of  weathering, 
and  the  average  specific  yield  generally  is  considered  to  be  between 
0.5  and  2 percent.  A value  of  1 percent  was  used  in  table  134. 

The  other  three  aquifer  units,  the  continental  sedimentary 
strata  (Tc) , the  older  volcanic  rocks  (Tov) , and  rocks  of  pre- 
Tertiary  age  (pT)  crop  out  on  the  slopes  of  the  Cascade  Range  where 
they  have  been  moderately  weathered.  A specific  yield  of  2 percent 
was  assumed  for  the  uppermost  50  feet  of  saturation  which  is  chiefly 
in  the  weathered  material. 

A storage  depth  of  100  feet  was  used  for  the  Ellensburg 
Formation  and  the  basalt,  and  50  feet  was  used  for  all  other  aqui- 
fer units.  According  to  table  134,  about  13  million  acre-feet  of 
water  are  stored  within  the  specified  depth  interval  in  Subregion  3 
of  which  60  percent  is  in  the  alluvial  deposits. 

About  2 million  acre-feet  of  water  are  stored  in  the  upper 
100  feet  of  saturated  material  in  each  of  the  Ellensburg  Formation 
and  the  basalt.  However,  some  of  the  best  aquifers  in  these  units 
are  artesian  zones  at  considerable  depth  that  are  more  or  less 
isolated  from  the  overlying  water  table.  Large  pressure  declines 
in  the  artesian  aquifers  can  occur  with  little  loss  from  storage 
in  the  unconfined  aquifers. 


Table  134.  Storage,  Recharge,  and  Discharge  of  Ground  Water 
in  Aquifer  Units  in  Subregion  3 


Aquifer 

Unit 

Area 

Acres 

Sq.  Mi.  (1000' s) 

Storage 
Specific  Depth 
Yield  Interval 

(Percent)  (ft) 

Water 

(1000's 

ac-ft) 

Annual  Natural 
Recharge  and 
Discharge 
Inches  (1,000's 

Over  Area  ac-ft) 

Qal 

1,250 

800 

20 

50 

8,000 

12 

800 

QTa 

100 

64 

5 

50 

160 

12 

60 

Te 

325 

210 

10 

100 

2,100 

4 

70 

Ter 

3,020 

1,930 

1 

100 

1,930 

4 

650 

Tc 

460 

295 

7 

50 

295 

6 

150 

Tov 

730 

465 

2 

50 

465 

6 

230 

PT 

130 

83 

2 

50 

83 

6 

41 

TOTAL 

6,010 

13,000 

2,000 

(rounded) 

Natural  Recharge  and  Discharge 


Recharge  to  the  younger  volcanic  rocks  (QTa)  , continental 
sedimentary  formations  (Tc)  , the  older  volcanic  rocks  (Tov)  , and 
the  pre-Tertiary  rocks  (pT)  that  crop  out  in  the  wetter,  western 
part  of  the  subregion  is  from  direct  precipitation  and  snowmelt. 
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Recharge  from  rainfall  is  in  the  autumn  and  spring  and  at  lower  alti- 
tudes may  sometimes  occur  in  the  winter.  Recharge  is  greatest  during 
the  spring  from  the  combined  effects  of  rainfall  and  snowmelt. 

The  basalt  in  the  Columbia  River  Group  (Ter)  and  the 
Ellensburg  Formation  is  widespread  and  occurs  under  a wide  range  of 
climatic  and  topographic  conditions.  Recharge  in  the  wetter  areas 
probably  follows  the  same  pattern  as  that  of  the  other  rock  units, 
except  that  seepage  from  streams  may  be  significant  at  some  places. 

In  arid  areas  the  small  amount  of  recharge  tc  the  units  probably 
occurs  chiefly  during  the  spring  from  precipitation,  snowmelt,  and 
influent  seepage  of  small  streams. 

The  alluvial  deposits  are  mostly  in  arid  to  semiarid  areas; 
recharge  from  direct  precipitation  and  snowmelt  probably  is  small. 
Most  recharge  to  the  unit  probably  is  from  seepage  from  streams  and 
irrigation  diversions.  Seepage  from  streams  occurs  to  some  extent 
throughout  the  year  but  is  greatest  during  the  spring  snowmelt 
period.  In  irrigated  areas,  percolation  of  irrigation  water  is  by 
far  the  largest  component  of  recharge.  Hydrographs  of  a few  wells 
in  the  alluvial  deposits  show  seasonal  rises  in  the  water  table 
ranging  from  about  2 feet  in  nonirrigated  areas  to  20  feet  in 
irrigated  areas  (figure  252)  . In  addition  to  the  recharge  required 
to  raise  the  water  table  that  amount,  some  recharge  is  required 
merely  to  maintain  the  water  table  at  a constant  level  and  some  may 
occur  during  slow  declines  in  water  level.  The  total  average  annual 
recharge  to  the  alluvial  deposits  is  estimated  to  be  equivalent  to 
an  annual  gross  rise  in  the  water  table  of  5 feet.  With  a specific 
yield  of  20  percent,  this  represents  an  annual  recharge  of  12  inches 
over  the  area  of  the  alluvial  deposits.  Ilydrographs  of  representa- 
tive observation  wells  are  shown  in  figure  252. 

Discharge  is  a continuous  process,  but  the  rate  of  discharge 
fluctuates  with  the  hydraulic  gradient  and  other  factors.  Aquifers 
in  the  wetter,  western  part  of  the  subregion  discharge  water  to 
streams  throughout  the  year,  and  study  of  low-flow  characteristics 
of  streams  in  that  part  of  the  subregion  indicates  that  effluent 
ground  water  probably  accounts  for  25  to  40  percent  of  the  average 
discharge  of  most  streams.  Estimates  of  recharge  to  and  discharge 
from  aquifer  units  in  Subregion  3 are  based  in  part  on  the  quantity 
of  the  ground  water  component  in  streamflow.  A rough  estimate  of 
the  average  annual  natural  discharge  is  given  in  table  134.  Natural 
discharge  from  aquifer  units  is  about  2.0  million  acre-feet  a year, 
of  which  about  1.5  million  acre-feet  arc  discharged  from  the  three 
major  aquifers.  This  figure  represents  the  sum  of  various  compo- 
nents of  discharge  from  the  aquifers  at  many  places.  Much  of  the 
water  is  intercepted  and  used  before  leaving  the  subregion. 
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Discharge  from  the  other  four  aquifer  units  is  about 
0.5  million  acre-feet  a year,  nearly  as  much  as  is  in  storage  in 
the  specified  depth  interval.  Those  aquifers  are  chiefly  in  the 
mountainous,  humid  parts  of  Subregion  3.  Recharge  is  frequent; 
hydraulic  gradients  are  steep;  and  because  of  the  rugged  terrain, 
points  of  discharge  are  close  to  points  of  recharge.  Under  those 
conditions,  most  storage  is  short  term. 


Annual  Ground-Water  Withdrawal 


Ground-water  withdrawal  (table  135),  based  on  1965-67  data 
and  projected  to  1970,  amounts  to  about  130,000  acre-feet  a year. 
Practically  all  the  withdrawal  is  from  the  three  major  aquifers 
(Qal , Te,  Ter).  The  pumpage  amounts  to  about  6 percent  of  the 
natural  discharge  from  aquifers  in  the  subregion. 


Chemical  Quality  of  Water 

The  concentration  of  dissolved  solids  in  ground  water  in  the 
subregion  generally  is  less  than  300  mg/1.  The  water  is  chiefly  of 
the  calcium  magnesium  bicarbonate  type  and  ranges  from  soft  to  hard. 
Fluoride  and  iron  usually  are  low  and  there  rarely  are  any  other 
chemical  constituents  that  create  hazards  or  problems.  The  sodium 
adsorption  ratio  ranges  up  to  3 in  water  from  a few  wells  in  the 
basalt.  Water  with  the  highest  concentrations  of  dissolved  solids 
apparently  is  from  wells  in  irrigated  areas  where  seepage  from 
irrigated  tracts  has  caused  some  increased  mineralization.  Tempera- 
tures of  water  from  wells  of  shallow  to  moderate  depth  generally 
range  from  55°  to  60°F.  Temperatures  of  water  from  deeper  wells 
may  be  considerably  higher  and  the  temperature  of  water  from  artesian 
wells  in  the  "Atanum"  (Ahtanum) -Moxee  Basin  ranged  from  66°  to  80°F. 
(145-49)  Temperatures  in  artesian  wells  in  the  Cold  Creek  Basin 
ranged  from  68°  to  80.5°F.  (47-21,  table  4) 

Chemical  analyses  for  ground  water  in  Subregion  3 are  given 
in  several  local  areal  reports  (47-21,  table  4;  32-59  to  61, 
tables  5 8 6;  138,  table  4)  and  in  a statewide  report  (175).  Wells 
in  the  Yakima  Valley  commonly  contain  IbS  and  other  chemical  con- 
stituents which  cause  taste  and  odor  problems  for  domestic  water 
supply . 


Present  Use  and  Future  Availability 

Hstimates  of  present  use  of  ground  water  are  based  on  data 
for  1965  to  1967,  projected  to  1970.  Projection  of  municipal, 
domestic,  and  industrial  use  is  based  on  estimated  population 
growth.  Irrigation  use  was  projected  on  the  basis  of  past  rates 
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Table  135  - Estimated  Ground-Water  Withdrawal  and  Consumptive  Use 

Subregion  3,  1970 


Ac-ft  per  year;  all  quantities  in  thousands 

Irrigation 

Acres  irrigated  15 

Withdrawal  65 

Consumptive  use  30 

Industrial  U 

Withdrawal  9 

Consumptive  use  i ■/  .5 

Public  Supplies 

Persons  served  90 

Withdrawal  38 

Consumptive  use  "kJ  7.6 

Rural-Domestic 

Persons  served  128 

Withdrawal  —•  14.3 

Consumptive  use  §/  7.2 

Stock 

Withdrawal  and 

consumptive  use  — ' 2.4 


TOTAL  WITHDRAWAL  (rounded)  130 

TOTAL  CONSUMPTIVE  USE  (rounded)  50 


1 / Self-supplied  industrial. 

2/  Assumed  to  be  5 percent  of  gross  withdrawal. 
3/  Assumed  to  be  20  percent  of  gross  withdrawal. 
4 / Estimated  use  100  gallons  per  day  per  person. 
5/  Assumed  to  be  50  percent  of  gross  withdrawal. 
6/  Assumed  that  all  water  withdrawn  is  consumed. 
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of  increase  modified  for  special  situations.  Ground-water  with- 
drawal and  the  quantity  used  consumptively  are  given  in  table  135. 
Because  some  of  the  ground  water  that  is  withdrawn  may  return  to 
streams  and  not  return  to  the  aquifers,  net  withdrawal  may  exceed 
consumptive  use.  However,  in  most  areas  where  significant  quantities 
of  ground  water  are  withdrawn,  a large  part  of  the  water  not  used 
consumptively  returns  te  the  ground. 

In  Subregion  3 annual  ground-water  withdrawal  is  about 
130,000  acre-feet,  consumptive  use  about  50,000  acre-feet;  and  net 
ground-water  withdrawal  by  pumping  is  a little  more  than  consumptive 
use,  certainly  not  more  than  100,000  acre-feet.  A net  withdrawal 
of  100,000  acre-feet  annually  compared  with  an  annual  natural 
discharge  of  about  1.5  million  acre-feet  from  the  three  major  aqui- 
fers indicates  that  considerably  more  ground  water  could  be  developed 
without  seriously  depleting  the  supply.  However,  present  development 
is  concentrated  in  certain  areas  so  that  local  overdevelopment  can 
occur.  Also,  part  of  the  surface  water  supply  is  dependent  on 
effluent  ground  water;  and  although  much  of  the  additional  withdrawal 
would  be  replaced  during  the  rainy  winter  season,  a large  increase  in 
pumpage  would  have  some  effect  on  ground-water  inflow  to  streams 
during  the  irrigation  season. 


Artificial  Recharge 


The  only  known  artificial  recharge  operation  is  the  local 
recharge  of  water  in  alluvial  deposits  by  the  city  of  Richland. 
(125-5) 


The  alluvial  deposits  readily  accept  recharge,  and  recharge 
t:o  the  alluvium  might  be  possible  around  the  peripheries  of  the 
various  basins  where  the  depth  to  water  may  be  considerable. 

Recharge  to  aquifers  in  the  basalt  has  been  successful  on  an  experi- 
mental basis  at  two  places  in  the  region  (33,  122),  and  might  be 
beneficial  locally  in  the  Yakima  Basin  as,  for  example,  in  the 
upper  Ahtanum  Valley  where  water  levels  in  the  basalt  have  declined 
considerably.  However,  until  a larger  percentage  of  the  available 
supply  is  utilized,  large-scale  artificial  recharge  would  be  mostly 
wasted  effort  so  far  as  the  ground-water  supply  is  concerned;  it 
might  be  beneficial  to  surface  water  supplies  dependent  on  late 
season  low  flows. 


Water  Ri gilts 


In  Subregion  3,  consisting  essentially  of  Water  Resource 
Inventory  Areas  37  through  39  (figure  185) , a total  of  692  active 
ground-water  right  appropriation  records  in  permit  and  certificate 
stages  were  on  file  with  the  State  of  Washington  Department  of 
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Water  Resources  as  of  September  30,  1966.  Prime  rights  in  this 
area  allow  summer  period  withdrawals  totaling  252,380  gpm  (555  cfs) . 
Nearly  all  of  this  quantity  (252,180  gpm)  is  classified  as  being 
consumptive  to  the  resource;  the  remainder  (200  gpm)  is  partly  con- 
sumptive. A total  of  3,244  gpm  has  been  appropriated  under  supple- 
mental rights. 

Prime  water  right  quantities  for  the  more  important  use 
categories  and  total  actual  ground-water  right  quantities  are  listed 
in  table  136  according  to  Water  Resource  Inventory  Areas  as  defined 
by  State  of  Washington  Department  of  Water  Resources.  (Regional 
Summary)  More  detailed  information  about  specific  rights  can  be 
obtained  from  the  Department  of  Water  Resources. 

Water  right  filings  with  the  State  of  Washington  generally 
do  not  cover  wells  and  ground-water  withdrawals  on  Indian  reserva- 
tions. The  Bureau  of  Indian  Affairs  lists  54  wells  for  the  irriga- 
tion of  9,782  acres  on  the  Yakima  Indian  Reservation  in  Subregion  3. 


Table  1 3t»  - Summary  of  Ground-Water  Rights,  Subregion  3,  1966 


Basin 

so , y 

River  Basin 

Municipal 

1 rrigat ion 

I nd i vi dua 1 
and  Community 
Domes t ic 

Industrial 

and 

t mmcrcial 

Fish 

l ropag.it  l on 

Stock 

1 otal*. 

(Gal  Ions 

per  Minutei 

37 

Lower  Yakima 

48,801 

108,804 

39,276 

22,930 

14, "30 

184,290 

38 

Naches 

9,250 

8,315 

6,274 

5,000 

1 ,090 

21 ,454 

39 

Upper  Yakima 

10,161 

34,638 

6,059 

1,166 

4,-84 

46,636 

TOTAL 

68,212 

151,757 

51 ,609 

29,105 

20,604 

252,380 

\J  Water  Resource  Inventory  Area  number  as  shown  in  figure  IS' 

y Total  prime  right  quantities  do  not  agree  with  the  sum  of  the  uses  because  '1  only  the  more  important  use 
categories  are  listed  and  (2)  water  right  quantities  that  are  . ommon  to  two  Gr  more  use--  are  lifted  under 
each  applicable  use  category. 

RELATIONSHIP  BETWEEN  SURFACE  AND  GROUND  WATER 

Streams  draining  the  humid  eastern  slopes  of  the  Cascade  1 

Range  receive  discharge  from  the  aquifer  units  underlying  those 
areas  throughout  the  year,  and  for  considerable  periods  each  summer 
their  entire  flow  is  from  ground  water.  Ground  water  discharges  to 
major  streams  through  most  of  their  reaches;  smaller  streams  drain- 
ing the  mountains  at  some  places  lose  water  by  seepage  into  the 
alluvium,  the  basalt,  and  the  Ellensburg  Formation  where  the  streams 
enter  basins  underlain  by  those  formations.  Large  volumes  of  ground 
water  discharge  into  the  Yakima  River  in  the  Kittitas  Basin  and  the 
upper  and  lower  Yakima  Basins.  The  lower  reaches  of  Naches  River, 

Ahtanum  Creek,  Toppenish  Creek,  and  other  streams  also  receive  large 
volumes  of  ground-water  inflow.  Most  of  this  is  return  flow  from 
surface  water  diversions  for  irrigation.  Ilydrographs  in  figure  253 
show  low  flow  characteristics  of  selected  streams.  A moderately 
detailed  description  of  the  relations  between  surface  and  ground 
water  is  given  in  the  report  by  Kinnison  and  Sceva.  (58) 
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Hydrographs  showing  low-flow  characteristics  of  selected  streams 


SUBREGION 


4, 


UPPER  SNAKE 


HYDROLOGIC  FRAMEWORK 

The  Upper  Snake  Subregion  consists  of  the  Snake  River  drain- 
age above  King  Hill,  Idaho.  This  includes  the  north  side  areas 
which  contribute  to  the  Snake  Plain  ground-water  aquifer,  since 
these  waters  reappear  as  surface  flow  within  the  subregion.  The 
area  totals  35,857  square  miles,  with  417  square  miles  covered  by 
water  and  35,440  square  miles  of  land,  and  is  located  in  the  south- 
eastern portion  of  Idaho  and  parts  of  Wyoming,  Utah,  and  Nevada. 
Figure  1 shows  the  boundary  lines,  stream  patterns,  and  other 
pertinent  features  of  the  subregion. 

The  headwaters  of  the  Snake  River  originate  in  Yellowstone 
National  Park  at  elevations  in  excess  of  9,500  feet.  From  that 
area,  the  river  runs  south  through  the  Jackson  Hole  country  of 
western  Wyoming,  then  northwest  parallel  to  a major  fault  scarp 
into  Idaho.  In  Wyoming,  the  river  is  augmented  by  inflows  from 
such  major  tributaries  as  the  Buffalo  Fork,  Gros  Ventre,  Hoback , 
Greys,  and  Salt  Rivers.  Upon  entering  the  vast  Snake  River  Valley 
near  Idaho  Falls,  Idaho,  the  river  is  joined  by  the  Henrys  Fork  and 
then  again  turns  south  and  west  and  begins  its  crescent-shaped 
course  through  the  southern  part  of  Idaho.  Throughout  much  of  its 
course  in  the  upper  valley,  the  river  approximately  parallels  the 
southern  edge  of  lava  flows  which  cover  a large  part  of  the  Snake 
River  Plain.  The  average  stream  gradient  between  Jackson  Lake  near 
the  headwaters  and  King  Hill  at  the  lower  end  of  the  subregion  is 
about  10  feet  per  mile;  however,  there  are  several  falls  along  its 
course  with  the  200-foot  Shoshone  Falls  near  Twin  Falls,  Idaho, 
being  the  highest.  Below  Milner  Dam  (a  few  miles  east  of  Twin 
Falls) , the  river  enters  a deep  canyon  which  it  has  carved  through 
the  lava.  For  this  reason,  Milner  Dam  is  the  last  point  in 
Subregion  4 from  which  substantial  surface  diversions  can  be  easily 
made  from  the  Snake  River. 

The  Upper  Snake  Subregion  is  largely  made  up  of  the  extensive 
Snake  River  Plain--the  upstream  half  of  the  Snake  River  Plateau 
physiographic  province.  The  Snake  River  Plain  is  a broad,  level 
plain  well  over  50  miles  wide  in  places;  it  extends  some  200  miles 
from  its  downstream  limit  upstream  nearly  to  the  Wyoming  border. 
Though  large  areas  of  the  plain  are  irrigated,  a considerable  por- 
tion north  of  the  Snake  River  is  dry,  sagebrush  land  with  broad 
areas  of  exposed  lava  flows  and  with  scattered  volcanic  hills  and 
buttes.  The  plain  is  bordered  on  the  north  and  east  by  the  high, 
rugged  mountains  of  the  Northern  and  Middle  Rocky  Mountain 
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physiographic  provinces,  and  on  the  south  by  the  parallel  mountain 
ranges  and  broad  valleys  of  the  northern  extension  of  the  Basin 
and  Range  physiographic  province. 

The  principal  contribution  to  streamflow  in  this  subregion 
is  from  snowmelt  during  the  spring  and  early  summer  months.  A 
major  portion  of  the  total  flow,  therefore,  originates  in  the  high 
mountainous  areas  where  winter  snows  accumulate  to  considerable 
depth.  Precipitation  is  light  on  the  semiarid  valley  floor  and 
occurs  mostly  during  the  winter. 

By  far  the  greatest  use  of  water  is  for  irrigation,  though 
water  is  also  used  for  hydroelectric  power  generation,  municipal, 
and  industrial  purposes,  and  recreation.  Irrigation  began  over 
one  hundred  years  ago,  and  has  increased  until  now  nearly  2 million 
acres  are  irrigated--almost  one-third  of  the  irrigated  land  in  the 
entire  Columbia-North  Pacific  Region. 


CLIMATE 

The  climate  varies  considerably  throughout  Subregion  4 
because  of  its  large  size  and  wide  range  in  elevations.  In  general 
the  climate  is  characterized  by  warm  to  hot,  dry  summers  and  cold 
winters,  during  which  most  of  the  subregion's  precipitation  falls. 

The  following  sections  present  climatic  data  of  the  Upper 
Snake  Subregion,  including  the  topics  of  precipitation,  temperacure, 
wind,  evaporation,  humidity,  and  sunshine. 


Precipitation 


Precipitation  varies  widely  with  average  annual  totals  in 
excess  of  50  inches  in  the  mountains  and  less  than  8 inches  in 
parts  of  the  Snake  River  Plain  (figure  254).  Elevation  has  an 
effect  on  precipitation  amounts,  but  of  even  greater  significance 
in  a particular  area  is  the  steepness  and  direction  of  slopes. 
Mountain  ranges,  over  which  the  moisture-bearing  winds  must  flow, 
exercise  great  control  over  the  distribution  of  precipitation. 

The  windward  slopes  of  such  barriers  and  areas  extending  several 
miles  upwind  generally  receive  the  greatest  amounts  of  rain  or 
snow.  Areas  in  the  lee  of  the  mountain  ranges  have  annual 
precipitation  totals  that  place  them  in  an  arid  or  semiarid 
classification.  The  Snake  River  Plain  offers  an  excellent  example 
of  this  latter  condition.  Here  the  air  entering  from  any  direction 
has  already  passed  over  barriers  rising  to  considerable  heights 
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above  the  level  of  the  plain,  and  much  moisture  has  been  extracted 
by  this  orographic  lifting.  Not  until  this  air  is  forced  upslope 
again  to  heights  even  greater  than  those  previously  encountered  will 
its  remaining  moisture  be  condensed  into  clouds  and  precipitation. 

If  orographic  lifting  were  the  only  mechanism  for  producing 
rain,  the  Snake  River  Plain  might  be  completely  arid.  The  fact  that 
the  plain  does  receive  some  7.5  to  11  inches  of  precipitation  per 
year  indicates  the  presence,  on  occasion,  of  other  mechanisms.  One 
of  these,  the  low-pressure  system,  is  of  fairly  frequent  occurrence 
from  autumn  to  late  spring.  Another,  the  convective  thunderstorm, 
is  late  spring  and  summer  mechanism  caused  by  the  rising  and  cooling 
of  hot,  humid  air.  Thunderstorm  activity  is  also  influenced  by 
orographic  lifting,  and  as  a consequence  the  mountainous  areas 
generally  receive  more  rainfall  in  summer  than  do  the  plains.  The 
difference  is  not  as  great  as  in  winter,  however. 

The  Snake  River  Plain  northeast  of  American  Palls  and  much 
of  the  highlands  of  eastern  Idaho  and  western  Wyoming  receive  about 
half  of  their  annual  precipitation  from  April  to  September.  This 
is  also  true  of  the  area  near  the  Utah  and  Nevada  borders,  but 
westward  from  American  Falls  the  percentages  fall  off  to  30  percent 
or  less  in  the  Twin  Falls  to  Camas  County  area.  Precipitation 
during  the  growing  season  is  generally  inadequate  for  crop  produc- 
tion. The  distribution  of  precipitation  is  illustrated  by  data 
from  several  stations  throughout  the  area  which  have  been  summarized 
on  table  137. 

The  important  consideration  in  precipitation  during  the 
warmer  half  of  the  year  is  the  general  air  circulation  pattern, 
particularly  at  some  height  above  the  surface.  May  and  June  are 
the  months  of  greatest  frequency  of  so-called  "Nevada  lows."  A 
low  pressure  disturbance  of  this  type  produces  increasingly  heavy 
amounts  of  rain  or  snow  from  around  Twin  Falls  eastward,  while 
often  leaving  areas  to  the  west  untouched  by  precipitation.  In 
July  and  August,  and  on  occasion  in  September,  moisture  is  carried 


Table 

1.37.  Average 

Monthly  and  Annua 

Prec i p j tat 

on  (It 

chcs) , 

Upper 

Snake  Subregion 

1931 

60 

station 

1 lev. 

Jan. 

Feb. 

Mar.  Aj 

r . 

May 

Junc~~ 

July 

Aug . 

Sept 

Oct 

Nov . 

l>ei  . 

Annual 

IDAHO 

Aberdeen  Exp.  Sta. 

4400 

.78 

.60 

.70 

76 

.91 

.81 

.31 

.36 

.46 

.72 

.67 

. 79 

7.87 

Ashton  IS 

5 220 

1.82 

1.77 

1 . .39  1 

04 

1.45 

1.9: 

.82 

.95 

94 

1.35 

1.56 

1 . 89 

16.89 

Bliss 

3269 

1.24 

.92 

.92 

66 

.88 

.61 

. 22 

.11 

.27 

.55 

1.05 

1.11 

8.54 

Burley 

4190 

1.11 

.92 

.84 

79 

.87 

.72 

. 26 

.28 

.40 

.63 

.85 

, 94 

8.61 

Dubois  Exp.  Sta. 

5462 

.89 

. 79 

.69 

79 

1.42 

1.79 

.6? 

. 76 

.71 

.82 

.69 

.92 

10.94 

Hailey  Ranger  Sta. 

5328 

2.11 

1.88 

1.28  1 

07 

1.33 

1 .04 

.41 

.42 

.60 

.90 

1.31 

2.18 

14.5.3 

Idaho  Falls  1 \A  Al 

4730 

.89 

.•’1 

.66 

66 

.98 

1.13 

.46 

.50 

.63 

. b3 

.62 

.80 

8.6" 

Idaho  Falls  46K 

4933 

73 

.77 

.62 

51 

1. 10 

1.09 

. 26 

.48 

.35 

.66 

.41 

.59 

7.57 

Mas  k ay  R.  S. 

5897 

.81 

.68 

.56 

62 

1.09 

1.26 

.85 

.79 

71 

.64 

. 54 

.70 

9. 2S 

Me  Gammon  l 

47'4 

2.03 

1.75 

1.36 

92 

1 . 55 

.98 

. 54 

.65 

.65 

.86 

1.09 

1.72 

14.  10 

Richfield 

4306 

1.11 

1.13 

.88 

1i 

.85 

.64 

.26 

.30 

.39 

.71 

1.05 

1.32 

9.64 

St  revel  1 I 

5275 

.66 

.64 

.82  1 

14 

1.46 

1.14 

.75 

.93 

.66 

.87 

.'8 

.65 

10.50 

M V M>A 

Contact  1/ 

3365 

. 9S 

.54 

.70 

64 

1.31 

.92 

.44 

.50 

.51 

.50 

. 58 

. '4 

8.33 

WYOMING 

Grover  2S 

6115 

1.53 

1.51 

1.S5  1 

52 

1.95 

1.96 

1.06 

1.05 

1.16 

1.53 

1 52 

1.59 

17.93 

Moran 

6”  98 

2.35 

2.28 

2.08  1 

73 

1.85 

1 . 77 

.97 

1.30 

1.28 

1.45 

1 88 

2.36 

21  30 

1/  PcrioT  is  shorter  or  longer  than  the  3(1- year  normal. 
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northward  at  higher  levels  across  Nevada  and  Utah.  Typically  this 
moisture  current  begins  to  curve  northeastward  as  it  approaches 
Idaho,  and  again  the  rainfall  is  heavier  from  around  Twin  Falls 
eastward  than  in  the  valleys  of  southwestern  Idaho. 

Total  annual  snowfall  averages  nearly  200  inches  in  the 
Island  Park  Reservoir  area  in  the  upper  end  of  the  subregion,  150 
inches  at  high  valley  stations  in  Wyoming,  but  only  about  20  inches 
in  the  western  part  of  the  subregion.  At  Teton  Pass  snow  course, 
west  of  Jackson,  Wyoming,  at  an  elevation  of  8,500  feet,  the  average 
depth  of  accumulated  snow  on  April  1 is  about  99  inches,  with  an 
average  water  content  of  nearly  36  inches.  Although  light  snowfall 
occurs  occasionally  in  September  at  the  higher  elevations,  few 
valley  areas  receive  snow  until  October;  and  the  Snake  River  Plain 
does  not  receive  snow  until  late  November  or  early  December.  Snow 
accumulates  to  a depth  of  12  inches  or  more  each  year  in  the  upper 
(eastern)  part  of  the  basin,  but  the  probability  of  this  accumulation 
is  less  than  1 year  out  of  4 on  the  lower  Snake  River  Plain  and  as 
low  as  1 year  in  10  in  some  localities. 


Temperature 

Temperatures  show  a wide  range  as  indicated  both  by  annual 
averages  and  extremes.  Average  annual  temperatures  range  from 
35°F.  just  south  of  Yellowstone  Park  to  50°F.  at  the  western  edge 
of  the  subregion.  Temperature  extremes  recorded  over  a long  period 
have  been  113°F.  at  Hazelton,  Idaho,  and  -63°F.  at  Moran,  Wyoming. 
The  average  number  of  days  per  year  with  maximum  temperature  90°F. 
or  higher  ranges  from  less  than  five  at  the  higher  elevations  in 
the  eastern  section  to  about  50  at  the  western  limits.  The  average 
number  of  days  with  minimum  32°F.  or  lower  ranges  from  300  at 
Bondurant , Wyoming,  to  about  150  at  the  western  end  of  the  area. 
Minimum  temperatures  of  0°F.  or  lower  occur  on  more  than  50  days 
per  year  in  the  high  valleys,  but  only  about  5 days  per  year  in  the 
lower  elevations.  Occasionally  during  winter  an  arctic  air  mass 
will  spill  over  the  Continental  Divide  and  cover  western  Wyoming  and 
eastern  Idaho.  When  skies  clear  and  winds  subside  in  such  an  air 
mass,  subzero  nighttime  temperatures  are  likely,  especially  over 
snow-covered  surfaces. 

The  daily  range  of  temperature  is  large  in  summer,  as  shown 
by  the  difference  between  average  daily  maximum  and  average  daily 
minimum  in  July.  The  range  exceeds  45°F.  in  a few  high  valleys  and 
is  35°F.  or  more  at  nearly  all  stations  on  the  Snake  River  Plain. 

In  winter  the  daily  range  is  considerably  smaller,  being  less  than 
20°F.  in  the  lower  elevations  and  reaching  30°F.  only  in  the  high 
valleys  of  the  Wood  and  Lost  River  drainages.  Average  and  extreme 
temperature  data  for  several  stations  are  shown  on  table  138. 
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Table  138.  Average  and  Extreme  Temperatures  (°F)  Upper  Snake  Subregion 


Stat ion 

Data 

Jan . 

Feb . 

Mar . 

Apr . 

May 

June 

July 

Aug. 

Sept . 

Oct. 

Nov . 

Dec . 

Annua  1 

IDAHO 

Aberdeen  Exp 

. Sta. 

Av.  Max. 

30.7 

36.8 

47.4 

60.4 

70.3 

78.7 

89.4 

87.0 

76.9 

63.4 

46.5 

35.0 

60.2 

45-yr. 

Av.  Min. 

10.3 

16.0 

23.4 

30.3 

37.5 

43.8 

50.4 

47.8 

38.9 

30.9 

21.8 

15.0 

30.5 

Mean 

21.2 

26.2 

35.5 

46.0 

54.4 

61.6 

70.2 

67.8 

58.7 

48.0 

34.3 

26.5 

45.9 

Highest 

56 

63 

73 

86 

96 

103 

104 

103 

97 

85 

76 

67 

104 

Lowest 

-42 

-37 

-24 

-7 

16 

22 

33 

30 

9 

4 

-16 

-30 

-42 

Ashton  IS 

Av.  Max. 

27.9 

32.6 

39.6 

54.0 

65.7 

73.6 

83.3 

81.7 

72.2 

59.2 

42.1 

30.9 

55.2 

62-yr. 

Av.  Min. 

8.1 

10.8 

16.8 

28.1 

35.3 

41.0 

45.8 

44.0 

36.7 

29.5 

20.3 

11.2 

27.3 

Mean 

18.1 

21.7 

27.9 

41.4 

51.7 

57.6 

64.5 

62.5 

54.8 

45.4 

30.3 

22.1 

41.5 

Highest 

54 

60 

67 

88 

90 

98 

100 

98 

95 

85 

74 

60 

100 

Lowest 

-35 

-37 

-30 

-3 

6 

18 

24 

20 

10 

0 

-18 

-36 

-37 

Burley 

Av . Max . 

36.4 

42.0 

50.9 

61.3 

70.9 

79.6 

90.8 

88.5 

78.6 

65.8 

49.8 

40.0 

62.9 

44-yr. 

Av.  Min. 

16.2 

21.3 

27.2 

34.3 

42.0 

48.7 

56.0 

53.2 

43.8 

34.3 

25.6 

20.  1 

35.2 

Mean 

26.6 

31.5 

39. 1 

48.6 

56.9 

64.2 

73.8 

71.4 

62.1 

51.3 

38.0 

31.3 

49.6 

Highest 

62 

70 

81 

89 

97 

103 

106 

105 

102 

91 

77 

70 

106 

Lowest 

-35 

-27 

-7 

11 

22 

27 

36 

32 

16 

9 

-11 

-28 

-35 

Dubois  Exp. 

Sta . 

Av.  Max. 

25.7 

29.2 

37.5 

54.4 

65.3 

73.5 

85.6 

83.7 

73.0 

58.7 

39.6 

30.2 

54.7 

29-yr . 

Av.  Min. 

9.9 

12.8 

19.2 

30.2 

39.0 

45.2 

53.1 

51.0 

42.8 

33.8 

21.6 

15.0 

31.1 

Mean 

17.8 

21.2 

28.4 

42.3 

52.2 

59.4 

69.4 

67.4 

58.0 

46.2 

30.7 

22.6 

43.0 

Highest 

45 

52 

70 

81 

89 

95 

102 

98 

95 

84 

67 

54 

102 

Lowest 

-28 

-26 

-13 

0 

18 

27 

34 

32 

18 

2 

-15 

-16 

-28 

Hailey  Ranger  Sta. 

Av . Max . 

30.8 

35.7 

43.0 

56.6 

67.4 

75.5 

86.7 

84.6 

74.4 

61.4 

43.2 

34.0 

57.8 

S5-yr . 

Av . Min. 

7.3 

11.6 

18.8 

29. 1 

36.8 

42.1 

48.7 

47.2 

39.1 

31.3 

20.9 

10.9 

28.7 

Mean 

18.7 

23.4 

30.8 

43.3 

52.3 

58.8 

68.0 

66.0 

57.5 

47.0 

32.2 

23.6 

43.5 

Highest 

55 

62 

73 

86 

93 

109 

107 

104 

96 

85 

73 

65 

109 

Lowest 

-32 

-36 

-13 

-5 

19 

22 

30 

24 

15 

6 

-27 

-26 

-36 

Idaho  Falls 

FAA  AP 

Av.  Max. 

28.4 

34.0 

43.8 

58.6 

68.1 

75.4 

86.3 

84.0 

74.4 

62.0 

44.0 

33.6 

57.7 

29-yr. 

Av.  Min. 

10. 1 

14.3 

22.6 

31.8 

39.6 

45.6 

52.1 

49.7 

41.4 

32.6 

22.0 

15.5 

31.4 

Mean 

19.3 

24.2 

33.2 

45.2 

53.9 

60.5 

69.2 

66.9 

58.0 

47.3 

33.0 

24.5 

44.6 

Highest 

53 

59 

72 

85 

91 

97 

104 

99 

97 

83 

72 

62 

104 

Lowest 

-35 

-37 

-16 

1 

23 

27 

37 

32 

24 

13 

-15 

-19 

-37 

Mackay  R.S. 

Av.  Max. 

29.  1 

33.5 

42.7 

56.2 

65.4 

74.4 

85.0 

82.8 

73.0 

60.4 

43.4 

32.1 

56.5 

49-yr. 

Av.  Min. 

4.7 

9.1 

18.5 

28.5 

36.3 

42.5 

49.  1 

46.5 

38.8 

30.5 

19.8 

9.7 

27.8 

Mean 

16.9 

21.2 

30.0 

42.4 

51.0 

58.  1 

66.8 

64.6 

56.3 

46.0 

30.6 

21.6 

42.1 

Highest 

56 

67 

68 

81 

100 

100 

104 

103 

98 

85 

70 

57 

104 

Lowest 

-28 

-24 

-18 

-7 

15 

21 

27 

22 

15 

3 

-14 

-29 

-29 

#St revel  1 

Av.  Max. 

31.3 

35.8 

45.4 

57.0 

66.8 

76.2 

87.8 

85.4 

75.6 

61.3 

4 3.4 

35.2 

58.4 

19-yrs . 

Av.  Min. 

14.9 

18.6 

24.3 

31.1 

38.0 

44.5 

53.0 

51.3 

42.9 

34.4 

24.0 

19.0 

33.0 

Mean 

23.1 

27.2 

34.9 

44.0 

52.4 

60.3 

70.4 

(>8.4 

59.3 

47.8 

33.7 

27.1 

45.7 

Highest 

53 

60 

70 

80 

95 

102 

99 

99 

95 

84 

69 

58 

102 

Lowest 

-16 

-16 

-3 

10 

17 

24 

31 

30 

21 

11 

-14 

-10 

-16 

WYOMING 

Grover  2S 

Av.  Max. 

27.5 

31.9 

39 . 3 

50.6 

63.0 

72.0 

81.5 

80.1 

72.0 

59.8 

42.6 

29.2 

54.  1 

5.3-  yr. 

Av.  Min. 

1.2 

4.2 

11.0 

22.5 

31.3 

36.0 

39.8 

37.9 

31.2 

24.6 

15.2 

4.2 

21.6 

Mean 

13.8 

17.8 

24.8 

37.1 

47.5 

53.3 

60 . 5 

58.8 

51.7 

42.2 

27.1 

17.2 

37.7 

Highest 

70 

56 

69 

81 

86 

96 

98 

95 

92 

82 

76 

60 

98 

Lowest 

-47 

-48 

-35 

-1 

4 

20 

18 

16 

1 

-5 

-30 

-55 

-55 

Moran 

Av.  Max. 

25.3 

31. 1 

37.8 

47.7 

58.0 

67.5 

76.9 

75.2 

66 . 3 

54.1 

37.7 

28.  1 

50.5 

50-yr. 

Av.  Min. 

-4.5 

-1.8 

4.7 

18.  1 

28.3 

34.5 

38.5 

36 . 4 

30.4 

22 . 7 

11.7 

0.8 

18.3 

Mean 

10.6 

14.5 

20.9 

33.0 

43.5 

50.9 

57.9 

55.8 

48.3 

38.8 

26.3 

15.4 

34.7 

Highest 

50 

60 

62 

74 

82 

92 

91 

91 

87 

79 

64 

53 

92 

I.owest 

-52 

-63 

-43 

-28 

5 

18 

24 

19 

7 

-11 

-28 

-50 

-63 

Note:  The  mean  temperature  is  for  the  normal  period  1931-60;  other  data  are  for  the  period  of  record. 

* The  mean  temperature  is  for  the  period  of  record. 
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The  growing  season  (between  the  last  32°F.  minimum  tempera- 
ture in  spring  and  the  first  32°F.  in  fall)  is  135  to  150  days 
along  the  Snake  River  at  the  lower  end  of  the  Snake  River  Plain  and 
110  to  130  days  at  the  upper  end  of  the  plain.  Elsewhere  the  season 
varies  considerably,  being  generally  less  than  100  days  at  higher 
elevations,  with  32°F.  readings  likely  in  all  months  at  elevations 
above  6,000  feet.  For  hardier  vegetation  which  can  stand  tempera- 
tures down  to  28°F.  , the  season  is  approximately  25  days  longer  on 
the  Snake  River  Plain  and  nearly  40  days  longer  at  elevations  above 
6,000  feet. 


Wind 

Winds  at  and  near  the  surface  are  predominantly  from  south- 
southwest  to  west  in  the  Snake  River  Plain,  as  indicated  by  records 
from  airports  at  Twin  Falls,  Burley,  and  Pocatello,  and  at  the 
National  Reactor  Testing  Station  near  Arco.  Highest  average  speeds 
occur  in  the  months  of  March,  April,  and  May;  lowest  average  speeds 
occur  in  July,  August,  and  September.  A study  by  the  Bonneville 
Power  Administration  indicates  that  winds  of  45  to  50  miles  per 
hour,  sustained  for  a period  of  1 minute  or  longer,  can  be  expected 
every  other  year;  speeds  of  around  60  miles  per  hour  1 year  in  10; 
and  speeds  of  70  to  80  miles  per  hour  1 year  in  50. 


Evaporation 

Evaporation  from  an  open  pan  averages  between  40  and  55  inches 
per  year,  with  80  percent  or  more  occurring  in  the  period  from  May 
through  October.  Mean  annual  evaporation  from  lakes  and  reservoirs 
is  estimated  at  30  to  40  inches. 

Potential  evapotranspiration  ranges  from  about  19  inches  in 
the  cooler  portions  of  the  subregion  to  25  or  26  inches  at  the 
warmer,  lower  elevations.  Actual  evapotranspiration  is  limited  by 
the  light  precipitation  on  the  Snake  River  Plain  and  the  water- 
holding capacity  of  the  soils.  Unirrigated  soil  on  the  Snake  River 
Plain  with  water-holding  capacity  of  2 inches  will  lose  from  7 to 
9 inches  annually  by  evapotranspiration. 


Humidity 

On  the  Snake  River  Plain,  relative  humidity  averages  65  to 
75  percent  in  the  early  morning  hours,  but  decreases  to  only  25  to 
30  percent  in  late  afternoon  during  the  summer.  In  the  winter  the 
average  early  morning  humidity  is  80  to  90  percent,  and  the  average 
afternoon  relative  humidity  is  70  to  80  percent. 
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Sunshine 


The  Snake  River  Plain  averages  110  to  120  days  of  clear 
skies,  95  to  105  days  partly  cloudy,  and  145  to  155  cloudy  days  per 
year,  according  to  limited  information  on  cloudiness  in  this  sub- 
region.  Average  cloudiness  is  somewhat  higher  in  the  mountainous 
areas,  particularly  in  summer. 

Records  at  Pocatello  indicate  that  the  amount  of  sunshine 
which  occurs  is  65  percent  of  the  total  possible  sunshine  on  an 
annual  basis.  Monthly  values  range  from  37  percent  of  possible  in 
January  to  84  percent  in  July.  Expressed  another  way,  the  average 
daily  sunshine  in  January  is  3-1/2  hours  and  in  July,  more  than 
12-1/2  hours. 


SURFACE  WATER 

The  Snake  River  and  its  tributaries  and  those  streams  along 
the  northern  edge  of  the  basin  which  disappear  into  the  Snake  River 
Plain  dram  the  entire  area  covered  by  the  subregion.  Major  surface 
tributaries  include  the  Buffalo  Fork,  Gros  Ventre,  Hoback , Greys, 
Salt,  Henrys  Fork,  Blackfoot,  Portneuf,  and  Big  Wood  Rivers.  The 
llenrys  Fork  and  Big  Wood  Rivers  drain  areas  to  the  north  of  the 
Snake,  while  the  remainder  enter  from  the  south  or  east. 

Several  streams  along  the  northern  edge  of  the  subregion 
disappear  into  the  ground  waters  of  the  Snake  Plain,  thereby  con- 
tributing to  the  spring  inflows  to  Snake  River  in  the  Kagerman 
Valley  reach. 


Quantity 


The  discharge  of  the  Snake  River  measured  at  King  Hill  (the 
lower  end  of  the  subregion)  represents  the  total  runoff  from 
Subregion  4 after  depletion  by  upstream  use.  With  1970  level  of 
development,  the  average  discharge  from  the  subregion  is  estimated 
at  8,590  cubic  feet  per  second  (6,219,000  acre-feet  annually).  This 
averages  0.24  cfs  per  square  mile,  one  of  the  lowest  rates  in  the 
region . 


Present  Utilization 


Estimates  that  were  made  of  the  amount  of  water  diverted  for 
use  for  various  purposes  during  1965  show  an  average  withdrawal  for 
consumptive  uses  of  17,600  cfs,  with  approximately  99  percent  with- 
drawn for  irrigation.  (115-8)  The  small  remaining  withdrawals  were 


made  primarily  for  municipal  supplies  and  for  self-supplied 
industrial  uses.  Actual  consumption  of  water  was  estimated  to  be 
5,760  cfs.  Comparing  the  total  withdrawal  of  17,600  cfs  to  the 
estimated  natural  discharge  within  the  subregion  of  13,440  cfs, 

(115)  suggests  to  some  extent  the  amount  of  return  flow  and  sub- 
sequent reuse  of  water  in  the  area.  In  addition,  much  of  this  water 
was  used  several  times  for  a moderate  amount  of  hydroelectric  power 
generation . 

Other  nonconsumptive  uses  of  water  are:  (1)  navigation  of 

the  rivers  by  pleasure  craft;  (2)  use  of  most  streams,  lakes,  and 
reservoirs  for  fishing,  boating,  and  other  water  sports;  and 
(3)  dilution  and  transport  of  waste  materials  from  municipal  and 
industrial  sources  along  many  of  the  rivers. 


Stream  Management 


Management  of  streamflow  within  the  subregion  is  performed 
primarily  to  provide  water  to  various  users  and  to  prevent  damage 
from  flooding.  The  fact  that  shortages  of  water  exist  during  dry 
years  illustrates  the  need  for  effective  distribution  among  the 
different  priorities  of  use.  Supervision  over  the  distribution  of 
water  along  the  main  stem  of  the  Snake  River  above  Milner  Dam  and 
of  the  llenrys  Fork  is  the  responsibility  of  the  watermaster  of  Idaho 
Water  District  36.  IVatermasters  on  tributary  streams,  all  of  whom 
are  elected  officers  of  the  respective  districts,  have  similar 
responsibility  in  their  separate  areas. 


Impoundments  Table  139  lists  25  reservoirs  in  Subregion  4 
having  capacities  greater  than  5,000  acre-feet.  Nine  of  these  are  ! 

located  on  the  main  stem  of  the  Snake  River  above  Milner  Dam  or  in 

the  Henrys  Fork  Basin  and  are  integrated  into  a system  operation.  * 

Two  others  (Murtaugh  Lake  and  Wilson  Lake)  are  offstream  reregula- 
tion reservoirs  which  also  serve  this  system,  but  the  remainder 
are  on  tributaries  where  their  use  is  local. 

Power  is  generated  from  the  releases  at  four  of  the  reser- 
voirs listed  in  table  139  and  at  several  run-of-the-river  power- 
plants.  The  amount  of  streamflow  regulation  for  power  production, 
however,  is  small  compared  to  the  regulation  for  irrigation. 

In  general,  a reservoir  operation  pattern  is  followed  of 
storing  excess  natural  streamflow  during  the  winter  and  spring 
months,  then  releasing  storage  to  augment  natural  flows  during  tne 
summer  irrigation  season.  iTiere  are  variations  from  the  pattern 
at  some  reservoirs  because  of  flood  control  operations  which  may 
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delay  reservoir  filling;  however,  by  the  use  of  streamflow  fore- 
casts, the  system  can  still  be  operated  to  maximize  summer  yields 
for  irrigation. 

Diversions  The  major  water  diversions  in  Subregion  4 are 
made  for  irrigation,  with  minor  diversions  for  municipal  and  indus- 
trial uses.  Extensive  irrigation  diversions  are  made  in  Idaho 
along  the  Snake  River  and  all  its  tributaries,  and  substantial 
though  much  smaller  areas  are  irrigated  in  Wyoming  in  Jackson  Hole 
and  along  the  Salt  River.  Only  minor  acreages  are  irrigated  along 
the  Snake  River's  tributaries  in  the  small  portions  of  Utah  and 
Nevada  which  are  within  the  subregion. 

Channel  Modification  Permanent  levees , dikes , and  improved 
flood  channels  have  been  constructed  along  some  reaches  within  the 
subregion  to  provide  local  protection  from  flooding  and  channel 
change.  At  other  locations,  emergency  work  is  performed  during 
floods,  but  this  work  has  minor  permanent  effects. 

Along  the  Snake  River  in  the  Jackson  Hole  area  in  Wyoming, 
and  again  between  Heise  and  Roberts,  Idaho,  levees  have  been  con- 
structed which  protect  adjacent  land  from  flood  discharges.  Levees 
along  the  Blackfoot  River,  together  with  a downstream  flood  relief 
or  overflow  channel,  provide  protection  for  the  town  of  Blackfoot 
and  adjacent  farmland.  Local  levees  provide  protection  to  isolated 
improvements  and  small  communities  along  the  upstream  reaches  of 
the  Portneuf  River,  while,  through  the  city  of  Pocatello,  the 
Portneuf  flows  in  a concrete-lined  channel  with  a 6,000  cfs  capacity. 
Levees  along  the  Little  Wood  River  protect  the  town  of  Carey,  and 
a floodway  alleviates  flood  problems  for  the  more  frequent  flows 
at  Gooding.  At  other  locations,  some  channel  clearing  has  been 
accomplished  to  reduce  the  accumulation  of  debris  and  ice  during 
high  flows. 

Forecasting  Forecasts  of  expected  runoff  are  used  for 
various  purposes  in  this  area.  Probably  the  most  important  use  is 
for  scheduling  the  storage  of  water  in  major  reservoirs,  lihere 
formal  flood  control  agreements  have  been  made,  the  forecast  of 
remaining  seasonal  runoff  determines  the  amount  of  space  that  should 
be  available  for  storage  and  control  of  possible  flood  discharges. 
Since  this  same  space  is  also  used  for  irrigation  storage,  a p ime 
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Table  139  - 

Reservoirs  With  a Capacity  Greater 

Than  5,000 

Acre-Feet , 

Subregion  4 

Name 

Stream 

Total 

Storage 

(ac-ft) 

Active 

Storage 

(ac-ft) 

Surface 

Area 

(acres) 

Purposed/ 

American  Falls  Snake  R. 

Blackfoot  R.  (Blackfoot- 

1,700,000 

1,700,000 

56,600 

IP 

Marsh  Reservoir) 

Blackfoot  R. 

413,000 

350,000 

17,300 

I 

Cedar  Cr. 

Cedar  Cr. 

29,930 

28,200 

- 

I 

Fish  Cr. 

Fish  Cr. 

13,500 

13,500 

558 

I 

Grays  Lake 

Willow  Cr. 

ioo.oooI/ 

40,000 

22,000 

I 

Grassy  Lake 

Grassy  Lake 

15,450 

83,2001/ 

15,180 

310 

I 

llenrys  Lake 

Henrys  Fork 

79,400 

6,356 

I 

Island  Park 

llenrys  Fork 

127,600 

127,200 

7,794 

I 

Jackson  Lake 

Snake  R. 

847,000 

847,000 

25,540 

FI 

Lake  Walcott 

Snake  R. 

210,000i/ 

95,000— 

11,700 

IP 

Little  Wood  R. 

Little  Wood  R. 

30,000 

30,000 

5711/ 

840— 

CFIR 

Lower  Salmon 

Snake  R. 

18,800 

5,600 

P 

Mackay 

Big  Lost  R. 

44,500 

44,350 

1 ,360' 

1 

Magic 

Big  Wood  R. 

192,000 

191,500 

3,904 

I 

Milner  Lake 
Mud  Lake 

Snake  R. 

Camas  5 Beaver 

28,200 

22,000 

3,020 

I 

Creeks 

61,660 

60 , 000l/ 

6,600 

I 

Murtaugh  Lake 
(Dry  Cr.  Res.)' 

Snake  R. 
(offstream) 

12,000 

3,000 

- 

I 

Oakley 

(Goose  Cr.  Res.) 

Goose  Cr. 

74,350 

74,350 

1,250 

I 

Palisades 
Port neuf -Marsh 

Snake  R. 

1,402,000 

1,200,000 

16,240 

CFIMPR 

Valley 
Ririe— ' 

Portneuf  R. 

23,695 

- 

1,593 

I 

Willow  Cr. 

100,000 

90,000 

1,560 

CFIR 

Salmon  Falls  Cr. 

Salmon  Falls  Cr. 

228,000 

182,700 

3,400 

I 

Tetoni/ 

Teton  R. 

315,000 

200,000 

2,250 

I 

Twin  Lakes 

McKinney  Cr. 

31,240 

- 

4,040 

I 

Wilson  Lake 

Snake  R. 
(offstream) 

18,500 

1 ,432 

I 

\J  Estimated. 

2/  Under  normal  operation. 

3/  M-municipal,  P-power,  F-flood  control,  R- recreation,  I-irrigation, 


C-fish  and  wildlife  conservation. 
4/  Under  construction. 
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consideration  is  to  operate  the  reservoirs  during  the  peak  runoff 
period  in  such  a manner  that  the  storage  space  will  be  full  when 
the  flood  threats  have  passed. 

On  the  Portneuf  River  and  a few  other  tributaries,  forecasts 
of  impending  high  flows  from  rain  or  rapid  snowmelt  help  the  resi- 
dents prepare  for  flood  conditions.  Also,  in  those  areas  where 
carryover  of  stored  water  is  not  available,  the  forecasts  of  seasonal 
runoff  volumes  assist  the  irrigators  in  planning  for  use  of  a limited 
water  supply. 

Constraints  Interstate  compacts,  minimum  flow  demands,  and 
the  priority  use  of  water  all  play  an  important  role  in  determining 
regulation  of  streams  in  this  subregion.  Controversy  over  the  dis- 
tribution of  Snake  River  water  originating  in  Wyoming,  but  used 
mainly  in  Idaho,  led  to  the  Snake  River  Compact  between  the  two 
states  in  1949.  Distribution  between  existing  irrigators  was  speci- 
fied, with  a provision  included  for  future  development  in  both 
states . 

There  is  also  a contract  in  effect  to  provide  for  specified 
minimum  discharges  in  the  Snake  River  below  Milner  Dam;  these  dis- 
charges are  for  power  generation  at  downstream  plants. 


Water  Rights 


Within  the  limitations  of  the  Snake  River  Compact  between 
Idaho  and  Wyoming,  individual  rights  to  the  diversion  of  natural 
flow  on  the  main  stem  of  the  Snake  River  and  its  tributaries  are 
on  a priority  basis  and  have  been  established  through  numerous 
court  decrees  or  through  permits  according  to  state  law.  Depending 
upon  the  states  involved,  these  rights  are  given  priority  according 
to  the  date  of  the  original  filing  or  use,  with  the  earliest 
priority  dating  back  to  1880.  Storage  allocations  are  made  to 
individual  irrigators  or  reservoir  owners  each  year,  according  to 
the  amount  of  space  owned  in  the  different  reservoirs  and  the 
available  stored  water  in  these  reservoirs. 


Idaho  A majority  of  the  rights  to  the  use  of  water  from  the 
main  stem  of  the  Snake  River  in  Idaho  from  the  Wyoming  line  to 
Milner  Dam  have  been  adjudicated.  Most  of  these  rights  are  for 
irrigation  use,  with  a few  for  power  purposes.  There  are  also  a 
number  of  unadjudicated  permit  rights  and  use  rights. 

Because  of  late-season  irrigation  water  shortages,  reser- 
voirs with  large  storage  capacities  have  been  developed  within  the 


subregion.  Sufficient  storage  capacity  is  now  available  to  control 
the  Snake  River  so  that  no  excess  flows  would  pass  Milner  Dam  (the 
last  major  surface-diversion  point  in  the  subregion)  in  a period  of 
low  runoff  such  as  1931-38.  The  small  releases  past  Milner  Dam 
during  such  years  are  in  fulfillment  of  contractual  agreements  with 
downstream  power  producers  and  are  not  subject  to  appropriation. 
However,  during  years  of  high  runoff  there  is  still  much  water  avail- 
able. Economical  development  of  this  water  will  require  construction 
of  additional  storage  facilities.  Figure  255  illustrates  the  general 
amounts  and  occurrence  of  discharges  at  Milner  Dam  which  could  be 
utilized  in  future  basin  development. 

Downstream  from  Milner  Dam  in  Subregion  4,  rights  are 
generally  unadjudicated  but  are  recognized  by  permits  and  licenses. 
Water  is  used  mainly  for  hydropower  purposes,  and  the  power  permits 
in  most  instances  were  granted  upon  the  condition  that  such  use 
would  not  interfere  with  future  upstream  depletions  of  the  water 
supply. 


Rights  to  water  used  for  irrigation  from  llenrys  Fork,  the 
Teton  River,  and  other  tributaries  in  the  same  area  have  been 
adjudicated.  Not  all  of  the  water  in  these  tributary  streams  is 
available  for  use  within  the  area,  however,  because  of  prior  rights 
to  storage  and  use  downstream  on  the  Snake  River.  Only  during 
periods  when  excess  water  is  being  released  past  Milner  Dam  can 
any  future  appropriation  be  made  on  local  streams  except  through 
exchange  agreements  with  downstream  users. 

There  has  been  some  recent  development  as  a result  of  pump- 
ing water  for  sprinkler  irrigation  of  benchlands  formerly  dryfarmed. 
Such  use  has  been  through  direct  or  exchange  use  of  storage  water 
or  through  early  season  irrigation  with  floodwaters  developed  under 
permi ts . 

The  major  use  of  water  on  Willow  Creek,  Blackfoot  and 
Portneuf  Rivers  is  irrigation,  for  which  the  rights  have  been 
adjudicated.  There  is  a major  wildlife  development  at  Greys  Lake 
for  which  there  are  storage  permits  which  have  not  been  adjudicated. 

Flood  discharges  on  Willow  Creek  will,  in  the  future,  be 
impounded  behind  Ririe  Dam  (under  construction)  and  used  for  irri- 
gation. With  this  storage,  there  would  be  only  11  months  in  a 
study  period  of  432  months  when  releases  from  Ririe  would  be  made 
in  excess  of  proposed  use. 
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FIGURE  255.  Uncommitted  Water  Passing  Milner  Dam. 


The  Portneuf  and  Black  foot  Rivers  also  are  subject  to 
periodic  high  flows,  but  the  floodwaters  are  not  entirely  available 
for  appropriation  since  they  flow  into  American  Falls  Reservoir 
where  prior  rights  exist.  Further  development  on  these  streams 
may  be  possible  only  through  new  storage  or  water  exchanges. 

Upper  Snake  River  southside  tributaries  are  generally  fully 
appropriated  except  for  extreme  floodflows  and  except  in  their 
lowest  reaches  where  irrigation  return  water  increases  the  natural 
flow.  Irrigation  is  the  primary  use,  and  many  of  the  rights  have 
been  adjudicated.  In  general,  the  base  flow  of  streams  has  been 
appropriated.  Future  development  will  likely  be  limited  to  con- 
struction of  storage  reservoirs  to  control  the  extreme  fluctuations 
of  many  of  the  streams. 
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The  primary  use  of  water  from  Upper  Snake  Subregion  north - 
side  tributaries  is  for  irrigation.  The  rights  have  mostly  been 
adjudicated,  but  there  are  still  many  uses  under  permits  and 
licenses.  East  of  the  Little  Wood  River  the  streams  do  not  flow 
into  the  Snake  River,  but  occasionally  discharge  large  quantities 
of  water  to  the  Snake  Plain  aquifer.  Only  on  Camas  Creek  is  there 
storage  at  the  lower  end  of  the  drainage  area  (in  Mud  Lake) . Future 
development  may  therefore  be  possible  on  some  of  these  streams 
through  construction  of  additional  storage.  The  base  flow  of  all 
the  northern  tributary  and  nontributary  streams  of  the  Upper  Snake 
Subregion  appears  to  be  appropriated  under  present  conditions. 


Nevada  On  March  3,  1923,  the  Fourth  Judicial  District  of 
the  State  of  Nevada  adjudicated  all  vested  rights  on  the  Salmon 
River  and  tributaries  in  Nevada  and  provided  for  40,338  acre-feet 
of  water  appurtenant  to  13,433  acres  of  land.  Of  this  quantity  of 
water,  12,500  acre-feet  was  for  the  Vineyard  Land  and  Stock  Company. 
In  1947,  the  Salmon  River  Canal  Company  Limited  of  Idaho  acquired 
a part  of  the  Vineyard  Land  and  Stock  Company  property  in  Nevada, 
along  with  appurtenant  water  rights,  and,  in  1949,  filed  application 
with  the  Nevada  State  Engineer  to  transfer  these  water  rights  to 
property  in  Idaho.  This  application  was  protested  and  resulted  in 
the  Salmon  River  Agreement,  dated  October  6,  1952,  between  the 
Salmon  River  Canal  Company  of  Idaho  and  the  Nevada  users  which  had 
the  effect  of  settling  the  water  rights  issue  on  the  Salmon  River. 


Table  140  - Existing  Nevada  Surface  Water  Rights, 
Subregion  4,  1969 


Status 

Mining  Municipal  Other 

Reservoir 
Storage  Rights 

Certificates 

Permits 

Applications 

(Cubic  Feet  per  Second) 

3 2 2 

(Acre-Feet) 

11,200 

16,420 

4,200 

Goose  Creek  heads  in  Nevada  but  its  waters  are  impounded  in 
Goose  Creek  Reservoir  in  Idaho  and  they  are  used  principally  for 
irrigation  in  Idaho.  The  adjudication  of  Goose  Creek  and  Little 
Goose  Creek  decreed  a total  of  3,826  acre-feet  of  water  for  996  acres 
of  irrigated  lands  in  Nevada. 
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Utah  Water  rights  in  tributaries  to  the  Snake  River  which 
arise  in  Utah  have  been  adjudicated  and  are  tabulated  in  the 
Proposed  Determination  of  Water  Rights  in  Box  Elder  County  by  the 
State  Engineer  of  Utah.  They  include  Goose  Creek,  Raft  River, 
Clear,  George,  and  Johnson  Creeks. 

The  most  significant  use  of  water  in  this  area  is  that  used 
for  cropland  irrigation.  Water  rights  for  this  purpose  amount  to 
about  27,500  acre-feet  per  year  to  be  used  on  about  9,300  acres. 
Most  of  the  other  water  rights  are  for  domestic  and  stockwater  use. 
The  primary  rights  have  priorities  dating  back  to  the  early  1880 's 
with  the  earliest  being  1878. 

Storage  in  the  area  is  very  limited,  consisting  of  only  one 
reservoir  with  a capacity  of  about  750  acre-feet.  Water  shortages 
in  July  and  August  are  common  because  of  lack  of  storage  facilities 
and  consequently  most  water  rights  are  not  fully  satisfied.  There 
is  opportunity  for  creating  some  additional  storage  which  would 
stabilize  the  water  available  for  use. 


Wyoming  Existing  water  rights  for  the  Wyoming  portion  of 
the  upper  Snake  River  Basin  are  primarily  irrigation  rights, 
although  permits  are  existent  for  domestic,  municipal,  industrial, 
and  power  uses  concentrated  in  the  Salt  River  Valley  and  the  Jack- 
son  Hole  area.  Most  of  these  rights  are  adjudicated,  but  there 
are  a significant  number  of  unadjudicated  permits  in  good  standing. 
Table  140A  shows  the  rights  in  good  standing  through  1963.  It 
should  be  noted  that,  while  these  figures  do  not  necessarily  rep- 
resent the  actual  acreage  irrigated  each  year,  they  do  show  the 
rights  which  have  a valid  claim  to  water  under  Wyoming  law. 

Historically,  many  portions  of  the  basin  suffer  from  late- 
season  water  shortages  as  most  of  the  runoff  occurs  during  May, 

June,  and  July.  This  problem  is  acute  in  the  Salt  River  and  upper 
Teton  areas  and  could  be  alleviated  by  additional  storage.  At  the 
present,  there  are  very  few  storage  facilities  to  supplement  the 
supply  for  the  junior  appropriators  in  the  latter  part  of  the  ir- 
rigation season.  However,  at  this  time  suitable  storage  sites 
which  can  be  economically  developed  are  in  short  supply. 

In  general,  it  is  concluded  that  the  potential  for  further 
irrigation  development  in  the  Wyoming  portion  of  the  upper  Snake 
River  Basin  is  limited.  Development  in  the  Salt  River  and  upper 
Teton  drainages  is  nearing  the  limits  practicable  under  present 
irrigation  practices,  and  the  limitations  of  the  Snake  River  Compact 
and  the  Roxana  Court  Decree.  However,  the  recent  trend  toward  the 
use  of  sprinkler  systems  in  these  two  areas  has  lowered  diversion 
requirements  to  some  extent  making  some  water  available  for  new 
appropriations.  Additional  storage  and  the  additional  improvement 
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Table  140A  - Existing  Wyoming  Surface  Water  Rights, 
Upper  Snake  Subregion,  1963 


Reservoi r 

Unit 

Irrigation 

Other 

Storage  Rights 

(Cubic  Feet 

per  Second) 

(Acre-Feet) 

Snake  River 

954 

364 

3 , 344—/ 

iloback  River 

103 

2 

Salt  River 

1,024 

791 

675 

Greys  River 

9 

2/ 

West  Teton 

103 

23 

TOTAL 

2,193 

1,180 

4 ,019 

V Excluding  838,000  acre-feet  of  storage  in  Jackson  Lake  for 
irrigation  of  lands  in  Idaho. 

2J  Excluding  201  acre-feet--Permi t No.  6001R.  Bergman  Lake 
Reservoir;  904  acre-feet--Permit  No.  6000R.  Indian  Lake 
Reservoir;  and  15,204  acre-feet--Permit  No.  463IR.  Grassy 
Lake  Reservoir--water  used  for  Idaho  lands. 


of  irrigation  systems  to  more  efficiently  utilize  the  available 
water  supply  could  result  in  additional  water  being  made  available 
for  future  development  in  these  two  areas. 

The  controlling  factor  in  the  future  irrigation  development 
of  the  Snake  River  Basin  in  Wyoming  is  the  limited  amount  of  pri- 
vately owned  land  available  for  irrigation.  Increasing  recreational 
and  tourist  development  in  this  drainage  is  resulting  in  rising  land 
values  and  a withdrawal  of  private  land  from  irrigation  for  other 
uses . 


Discharge 

The  base  period  used  in  this  study  is  October  1928  to 
September  1958  (water  years  1929-58) . The  validity  of  using  this 
30-year  period  to  represent  average  conditions  in  the  upper  Snake 
River  Basin  can  be  seen  from  figure  298  which  shows  that  the  base 
period  average  discharge  equals  95  percent  of  the  longer  56-year 
record.  Except  as  otherwise  indicated  on  a few  of  the  tables  and 
figures,  all  data  used  have  been  modified  to  reflect  stream 
development  and  use  as  of  1970. 


Measurement  Facilities  The  11  sites  at  which  runoff  data 
are  shown  in  this  report  are  considered  representative  of  the 
various  drainages  and  conditions  existing  in  the  subregion. 
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Locations  of  the  selected  sites  are  shown  on  figure  256,  a map 
of  mean  annual  runoff  for  the  subregion,  and  are  identified  by 
Geological  Survey  Station  numbers.  A summary  of  runoff  data  and 
other  information  for  each  station  is  listed  on  table  141.  Momen- 
tary flows  shown  in  the  table  are  observed  extremes  for  the  entire 
period  of  record  for  each  station.  In  most  cases  the  extremes 
have  been  affected  by  upstream  regulation. 

Average  Discharge  for  Subregion  4 Figure  256  is  a map  of 
isopleths  showing  mean  annual  runoff  for  the  subregion.  Figure  257 
presents  graphically  the  monthly  discharge  data  for  the  Snake  River 
at  King  Hill,  Idaho,  based  on  1970  development.  Water  passing  this 
station  is  the  total  outflow  from  the  Upper  Snake  Subregion.  A 
listing  of  these  same  data  is  shown  on  table  142. 

Table  141.  Streamflow  Summary  for  Selected  Sites,  Subregion  4 


Period  Mean  Annual  Plow  1/ 


Momentary 


Drainage 

Station  Gage  Area  

No.  Datum  (Sq.  Mi . ) Record  Mean  Max 


Stream 


04-65  1362  2030  995 
45-54  4780  7075  2980 
11-65  6489  8735  4/65 
09-65  1512  2387  798 
13-65  154  294  41 
11-65  236  383  118 
06-65  6271  9241  4545 
09-65  1545  4583  244 
19-65  279  418  128 
16-65  198  688  21 
09-65  8590  11999  6909 


15,100 

28,200 

60,0003/ 

11,000 

1,710 

2,990 

48,400 

40,000 

2,990 

8,860 

47,200 


Snake  River 
Snake  River 
Snake  River 
Henrys  For k 
Blackfoot  River 
Portneuf  River 
Snake  River 
Snake  River 
Big  Lost  River 
Big  Wood  River 
Snake  River 


Moran 

Ida . -Wyo . 

Ileise 

Rexburg 

Blackfoot 

Pocatello 

Neeley 

Mi  Iner 

Mackay 

Gooding 

King  Hill 


T7  Regulated  values  for  base  period  (water  years  1929-58),  with  estimated  1970  conditions  of  development 
2/  Observed  values  for  period  of  record. 

3/  Result  of  washing  out  of  landslide  on  Gros  Ventre  River. 


Discharge  in  Upper  Snake  Subregion 
(Mean  Discharge,  in  CFS) 


Annual 


Maximum  Months 


80  Percent 


Mini mum  Months 


Subregion  runoff  is  that  which  originates  in  the  subregion. 

Twenty  percent  and  eighty  percent  represent  the  runoff  available  20  and  80  percent  of  the  time 
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Average  Discharge  for  Selected  Stations  In  this  section, 
additional  data  are  given  for  each  of  the  selected  sites  listed 
on  table  141.  Monthly  discharge  values  are  shown  on  tables  143 
to  153.  These  flows  reflect  regulation  and  use  under  1970 
development . 

Figures  258  to  268  are  flow  hydrographs  for  seven  conditions: 
maximum,  mean,  and  minimum  monthly  flows;  monthly  flows  for  the  maxi- 
mum and  minimum  years  during  the  base  period;  and  those  monthly  flows 
which  are  equaled  or  exceeded  20  percent  and  80  percent  of  the  time. 

Frequency  curves  of  annual  high  and  low  discharges  are  shown 
on  figures  269  to  279.  These  curves  present  the  highest  average 
flow  and  lowest  average  flow  for  periods  of  1,  3,  6,  and  12  consecu- 
tive months.  IVhere  flows  are  highly  regulated  such  as  at  Milner 
Dam,  they  do  not  resemble  a normal  distribution  of  highs  and  lows; 
and  the  frequency  curves  diverge  severely.  At  the  other  extreme 
are  the  closely  related  curves  at  King  Hill  where  a large  part  of 
the  total  discharge  is  ground-water  inflow  and  thus  quite  uniform. 

Duration  curves  for  monthly  and  annual  flows  are  presented 
on  figures  280  to  290.  These  curves  indicate  the  percent  of  time 
that  any  given  flow  is  equaled  or  exceeded  at  each  site.  The 
occurrence  of  these  flows  is  not  necessarily  during  consecutive 
months  or  years,  but  may  have  been  at  any  time  during  the  30-year 
base  period. 

Frequency  curves  for  peak  discharges  at  some  of  the  selected 
sites  are  shown  on  figures  291  to  297.  The  entire  period  of  record 
was  used  at  each  station,  but  only  a selected  group  of  stations  is 
shown  because  variations  in  the  amount  of  regulation  made  peak 
frequency  computations  rather  meaningless  at  the  remaining  sites. 

For  comparison,  both  the  regulated  and  unregulated  curves  are  shown 
for  the  Snake  River  at  Moran  and  at  Heise  and  for  the  Blackfoot 
* River  near  Blackfoot. 

Dependable  yield  at  the  various  sites  is  shown  in  tables  154 
to  164.  The  data  shown  are  the  lowest  mean  flows  that  occurred 
(within  the  base  period)  for  intervals  of  1 to  10  consecutive  years. 
Each  table  must  be  interpreted  independently  because  of  the  variety 
of  conditions  existing.  For  instance,  yield  for  the  Snake  River  at 
Moran  is  high  (73  percent  of  the  30-vear  average  for  the  lowest 
year  of  the  period),  while  at  Milner  it  is  only  16  percent.  This 
variance  shown  on  the  tables  is  mainly  because  of  the  amount  of 
regulation  and  use  above  the  different  stations  rather  than  because 
of  differences  in  discharge  characteristics. 

Variation  in  Discharge  Long-term  variations  in  discharge 
for  the  Snake  River  near  Heise,  and  in  precipitation  for  Ashton, 
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Idaho,  are  presented  in  figure  298.  Means  for  the  base  period 
(1929-58)  and  for  the  entire  period  of  record  are  shown  on  both 
graphs.  The  unregulated  discharge  of  the  river  near  Heise  averages 
6,490  cfs  during  the  base  period,  which  is  95  percent  of  the  average 
for  the  56-year  period  of  record.  Comparison  of  records  for  pre- 
cipitation also  shows  that  the  30-year  mean  is  nearly  the  same  for 
the  longer  record.  In  this  case,  the  30-year  mean  at  Ashton  is 
103  percent  of  the  65  years  of  continuous  record  (one  of  the  longest 
records  in  the  area) . Five-year  moving  averages  are  also  shown 
since  annual  values,  particularly  for  precipitation,  vary  greatly 
from  one  year  to  another,  obscuring  the  general  trends. 

Variations  in  monthly  and  annual  flows  at  selected  sites  are 
shown  by  the  duration  curves  in  figures  280  to  290. 

Seasonal  variations  can  be  seen  in^pjje  hydrographs  of 
figures  258  to  268.  A normal  cycle  of  low  winter  runoff,  a high 
spring  flow  due  to  snowmelt,  and  receding  flows  throughout  the 
summer  are  characteristic  at  most  sites.  However,  at  Moran  (below 
Jackson  Lake)  and  at  Neeley  (below  American  Falls  Reservoir) , Snake 
River  summer  flows  decrease  less  than  at  other  locations;  this  is 
due  to  storage  releases.  On  the  Blackfoot  River  near  Blackfoot, 
the  increase  in  flow  during  the  fall  is  probably  the  result  of 
cessation  of  upstream  irrigation  diversions. 


Streamflow  Travel  Time  Data  on  time  of  travel  are  available 
only  for  the  Snake  River,  and  for  just  that  part  where  it  is  neces- 
sary for  the  scheduling  of  irrigation  releases.  Figure  299  shows 
travel  times  for  three  different  magnitudes  of  flow  between  Moran 
and  Milner.  Between  the  Blackfoot  gage  and  Milner,  the  river  flows 
through  three  rather  large  reservoirs  which  disguise  any  variation 
in  travel  time  due  to  the  magnitude  of  flow. 


River  Profiles  River  profiles  for  the  Upper  Snake  River  and 
selected  tributaries  are  shown  in  figure  300. 


Narrative  continued  on  page  391 
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Table 

143.  Modified 

Mean  Discharges 

in  CFS, 

Snake  Ri 

er  at 

Moran,  Wyoming 

Water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Star. 

Apr. 

May 

June 

July 

Aug- 

Sept . 

Annual 

1928 

3509 

3509 

2410 

0 

1929 

511 

400 

550 

480 

50 

50 

50 

270 

3749 

2940 

3049 

2711 

1239 

1930 

371 

240 

450 

390 

50 

50 

50 

60 

2529 

2870 

3319 

2711 

1096 

1931 

699 

410 

330 

330 

50 

50 

50 

50 

4959 

3699 

3400 

3790 

1488 

1932 

350 

329 

410 

429 

50 

60 

50 

50 

529 

2200 

5068 

4990 

1213 

1933 

50 

50 

50 

50 

50 

50 

61 

50 

50 

3010 

4998 

5010 

1131 

1934 

340 

329 

320 

460 

380 

60 

61 

3389 

3501 

3489 

550 

240 

1100 

1935 

450 

460 

429 

489 

411 

420 

760 

2730 

3501 

3499 

1889 

329 

1288 

1936 

359 

390 

320 

650 

661 

450 

50 

60 

61 

1489 

3259 

5000 

1061 

1937 

289 

220 

350 

400 

59 

50 

50 

50 

2149 

3000 

4998 

4990 

1390 

1938 

400 

380 

520 

480 

50 

50 

50 

50 

50 

3429 

3480 

2881 

995 

1939 

511 

471 

499 

460 

59 

50 

50 

839 

3220 

2849 

3109 

2630 

1235 

1940 

371 

240 

311 

429 

50 

50 

50 

250 

3450 

3499 

4998 

5000 

1560 

1941 

420 

410 

60 

60 

59 

60 

50 

50 

3129 

3489 

3489 

4321 

1303 

1942 

660 

529 

660 

450 

50 

60 

50 

60 

50 

2169 

2989 

4570 

1030 

1943 

89 

50 

50 

60 

59 

60 

61 

1060 

4810 

4579 

2350 

2610 

1324 

1944 

550 

501 

380 

320 

50 

60 

50 

241 

3660 

3299 

3359 

2560 

1254 

1945 

31 1 

430 

320 

390 

59 

50 

50 

60 

3220 

3499 

3489 

1840 

1150 

1946 

470 

529 

569 

540 

50 

60 

50 

3369 

3739 

3219 

3099 

2800 

1551 

1947 

559 

491 

540 

499 

50 

50 

50 

2860 

3760 

2889 

2800 

2949 

1466 

1948 

470 

501 

441 

480 

61 

50 

61 

1850 

5170 

3200 

3130 

2681 

1S09 

1949 

410 

501 

540 

480 

59 

60 

61 

4029 

3529 

2660 

3179 

2739 

1531 

1950 

520 

450 

390 

580 

59 

60 

109 

2169 

4131 

3239 

2190 

3760 

1476 

1951 

629 

671 

569 

650 

730 

829 

770 

3370 

3081 

2569 

2480 

3820 

1685 

1952 

629 

450 

650 

620 

760 

60 

1050 

3610 

4220 

3499 

3499 

2780 

1822 

1953 

340 

271 

499 

670 

50 

60 

50 

60 

4349 

5000 

3000 

2850 

1270 

1954 

350 

410 

441 

641 

59 

60 

180 

4258 

3870 

3489 

3499 

3020 

1701 

1955 

420 

440 

400 

429 

59 

60 

50 

50 

3521 

3499 

3229 

2670 

1241 

1956 

499 

580 

829 

740 

61 

50 

1800 

4379 

5860 

3010 

3499 

3030 

2030 

1957 

520 

891 

650 

580 

59 

50 

220 

1410 

5420 

3010 

3109 

2270 

1521 

1958 

420 

370 

530 

450 

59 

60 

50 

2299 

2580 

2150 

2800 

2590 

1204 

Mean 

432 

413 

435 

456 

145 

107 

203 

1435 

3195 

5082 

5244 

3138 

1362 

Table  144. 

Mod l f i ed 

Mean 

Discharges 

in  CFS 

, Snake 

River  at 

Idaho- 

■Wyoming  Statelinc 

ftuter 


Year 

Oct. 

Nov. 

Dec . 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annua  1 

1928 

10192 

6434 

4936 

0 

1929 

2689 

2339 

2018 

1928 

1605 

14b3 

2346 

7380 

12327 

7997 

5389 

5175 

4399 

1930 

2380 

1998 

2003 

1681 

1355 

1610 

5085 

6776 

10863 

7284 

6062 

4934 

4346 

1931 

3141 

2270 

1917 

1660 

1468 

1476 

271 2 

3993 

9495 

5590 

4774 

5238 

3650 

1932 

1505 

1755 

1608 

1541 

1115 

1228 

3015 

9595 

11021 

7922 

7657 

7205 

4630 

1933 

2021 

1 894 

1584 

1520 

1344 

1416 

2712 

5686 

10744 

6545 

6928 

6786 

4106 

1934 

1971 

1901 

1655 

1685 

1 566 

1488 

2765 

7974 

6289 

5268 

1720 

1546 

2980 

1935 

1644 

1620 

1488 

1 167 

1413 

1465 

4070 

9289 

13552 

8299 

5932 

2072 

4202 

1936 

1917 

1850 

1580 

1683 

1664 

1537 

4680 

15265 

12078 

6244 

5769 

7302 

5136 

1937 

2213 

1956 

1826 

1672 

1259 

1353 

1941 

8725 

9769 

6548 

6686 

6719 

425" 

1938 

2072 

1864 

1977 

1732 

1272 

1322 

36 

8758 

13016 

9463 

5998 

5008 

4695 

1939 

2652 

2286 

2081 

1928 

1413 

1719 

5590 

8863 

9489 

6849 

5146 

4583 

4396 

1940 

2094 

1775 

1 663 

1650 

1259 

1449 

2988 

6431 

8497 

5574 

6296 

6601 

3859 

1941 

1906 

1817 

1294 

1203 

1184 

1429 

2712 

6876 

9879 

6774 

5689 

0363 

3936 

1942 

2496 

2171 

2141 

1691 

1274 

1319 

5296 

6865 

8815 

6712 

4888 

6413 

4181 

1943 

1824 

1602 

1460 

1302 

1333 

1304 

9126 

12286 

1 7666 

14197 

5907 

5128 

6109 

1944 

2839 

2578 

2150 

1876 

1544 

1403 

2655 

5044 

12025 

7758 

5914 

4388 

409S 

1945 

2002 

2144 

1857 

1732 

1371 

1294 

1714 

6462 

12452 

10815 

6724 

4475 

4437 

1946 

2733 

2548 

2246 

1987 

1474 

1745 

6726 

12772 

13552 

7979 

5694 

4975 

5384 

1947 

2800 

2504 

2356 

1881 

1560 

1746 

3104 

13824 

13404 

8945 

6089 

5005 

5291 

1948 

2624 

2459 

2078 

1935 

1438 

1436 

2676 

11002 

16233 

7148 

5315 

4512 

4907 

1949 

2138 

2081 

1933 

1618 

1335 

1364 

4040 

14380 

13362 

6790 

5351 

4612 

4935 

1950 

2650 

2370 

2000 

2041 

1402 

1540 

3717 

10880 

19771 

13041 

5619 

6408 

5968 

1951 

3224 

2961 

2476 

2215 

2254 

2067 

5591 

16120 

16581 

11519 

7158 

6395 

6568 

1952 

3088 

2408 

2236 

2122 

2064 

1 309 

5158 

16182 

15547 

8 

6037 

4850 

5722 

1953 

2485 

2037 

1977 

2187 

1436 

1556 

2597 

4862 

17053 

8920 

5467 

4791 

4618 

1954 

2117 

2034 

1790 

1950 

1351 

1470 

3269 

16042 

13514 

11122 

6255 

5049 

5526 

1955 

2219 

2109 

1815 

1797 

1382 

1328 

1755 

5858 

13260 

7914 

5496 

4415 

4121 

1956 

2172 

2106 

2714 

2426 

1470 

1467 

7139 

18919 

24528 

10148 

6564 

5228 

7075 

1957 

2561 

2375 

2389 

2234 

1515 

1452 

2410 

10662 

19949 

11125 

5863 

4358 

5590 

1958 

2307 

2010 

2044 

1816 

1357 

1276 

2018 

13288 

1 1 304 

5167 

4514 

4186 

4292 

Mean 

2360 

2128 

1946 

1806 

1449 

1468 

10037 

13200 

8243 

5665 

5151 

4780 

367 
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Table  145.  Modified  Mean  Discharges  in  CFS,  Snake  River  near  Heise,  Idaho 


Water 

Year 

Oct. 

Nov. 

Dec . 

Jan. 

Feb . 

Mar . 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Annua  1 

1928 

12977 

8379 

6980 

0 

1929 

4839 

4159 

3699 

3569 

3373 

2419 

1919 

11948 

1190 

10967 

7608 

9751 

6365 

1930 

2919 

2830 

2839 

2039 

2061 

1320 

4091 

9338 

14240 

11218 

10847 

10220 

6179 

1931 

2330 

2129 

2060 

1769 

1791 

1309 

1949 

8018 

11640 

12107 

13148 

9561 

5676 

1932 

2989 

1800 

1779 

1769 

1800 

2019 

2501 

6658 

10371 

13197 

13297 

9361 

5646 

1933 

2670 

1871 

1819 

1839 

1802 

1790 

1960 

7159 

10410 

13288 

12488 

9880 

5608 

1934 

2880 

1830 

1779 

1790 

1771 

1819 

2810 

6449 

9430 

9437 

10458 

6480 

4765 

1935 

2559 

1770 

1750 

1750 

1732 

1750 

2170 

7159 

10260 

16237 

12637 

7810 

5666 

1936 

2950 

1820 

1759 

1800 

1800 

1769 

2030 

12148 

13310 

12107 

12008 

10121 

6152 

1937 

2819 

2070 

2070 

1790 

1802 

1769 

1681 

8668 

10781 

12387 

13057 

9440 

5722 

1938 

2860 

1820 

1829 

1779 

1782 

1819 

1850 

14536 

11361 

11818 

8358 

8400 

5715 

1939 

3829 

3470 

3499 

3600 

3022 

2800 

2911 

12SI7 

12300 

10938 

8198 

8561 

6326 

1940 

2870 

2050 

2029 

2019 

1810 

1509 

1240 

8328 

11100 

13158 

10688 

8361 

5431 

1941 

2819 

1800 

1759 

1769 

1760 

1280 

1210 

6868 

12981 

13158 

11987 

7990 

5475 

1942 

2919 

1871 

1870 

1790 

1791 

1280 

1400 

8858 

11700 

11167 

123 38 

9111 

5533 

1943 

2849 

2111 

2089 

2540 

2272 

2229 

17100 

14767 

13991 

15187 

8348 

7390 

7573 

1944 

5049 

4680 

3870 

2819 

2071 

1800 

1701 

8158 

14420 

11107 

10738 

8470 

6252 

1945 

2839 

2101 

1979 

2550 

2261 

2210 

1681 

9488 

14260 

13748 

8719 

6331 

5705 

1946 

4858 

4600 

3989 

3569 

3061 

5480 

9370 

16686 

14371 

11047 

7858 

6200 

7448 

1947 

4769 

4159 

4019 

3299 

5112 

3579 

6311 

16987 

12480 

11258 

8239 

6731 

7091 

1948 

4579 

4531 

5870 

3699 

3101 

2950 

1600 

16067 

1 8080 

11107 

7808 

6169 

6962 

1949 

3728 

3650 

3019 

3089 

2292 

2429 

11500 

15787 

11450 

10907 

7818 

6430 

6804 

1950 

3950 

2970 

2849 

2899 

2571 

4198 

12610 

14107 

14920 

15606 

6849 

8280 

7756 

1951 

5499 

5149 

4519 

4150 

4432 

4058 

15361 

16286 

13830 

13628 

9538 

8190 

8735 

1952 

5480 

4670 

4328 

4140 

4071 

3309 

12761 

17026 

15151 

10948 

7779 

655 1 

8004 

1953 

4258 

3770 

3659 

3199 

2751 

2709 

2949 

8678 

17621 

10998 

7868 

6060 

6249 

1954 

4270 

3840 

3519 

3619 

3013 

3010 

10630 

15676 

11420 

11517 

7878 

7290 

7162 

1955 

4080 

3721 

3210 

3070 

2742 

2190 

1840 

7488 

13391 

10917 

10798 

8670 

6027 

1956 

2819 

2119 

2099 

3480 

3802 

6849 

15460 

18636 

21571 

11028 

7989 

6169 

8497 

1957 

4819 

4180 

4179 

3819 

3413 

3299 

6131 

12697 

19981 

13657 

7789 

6141 

7525 

1958 

4598 

4111 

4049 

3639 

3512 

5099 

2570 

16206 

12690 

10658 

7439 

6080 

6567 

Mean 

3691 

3048 

2860 

2759 

2545 

2522 

5310 

11782 

13380 

12153 

9720 

7866 

6489 

Table 

146.  Modified  Mean 

Discharges  in 

CFS,  llenrys  Fork 

near  Rcxburg , : 

Idaho 

Water 

Year 

Oct. 

Nov. 

Dec . 

Jan . 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug . 

Sept . 

Annua  1 

1928 

889 

559 

871 

0 

1929 

1619 

1729 

1 689 

1600 

1580 

1460 

1671 

2400 

2600 

839 

569 

729 

1539 

1930 

1380 

1471 

1320 

1029 

1250 

1419 

1901 

660 

691 

580 

660 

650 

1082 

1931 

1169 

1180 

930 

899 

1011 

1111 

220 

850 

560 

530 

629 

820 

826 

1932 

480 

550 

889 

829 

830 

829 

509 

2829 

2721 

1930 

1340 

1271 

1253 

1933 

880 

1139 

959 

1060 

1180 

1410 

1610 

1979 

309 1 

7 69 

450 

770 

1271 

1934 

600 

1000 

829 

899 

991 

920 

1050 

1039 

840 

1340 

1419 

1871 

1066 

1935 

441 

190 

6S0 

680 

681 

711 

139 

1229 

1570 

969 

870 

1410 

798 

1936 

680 

990 

950 

920 

930 

920 

1311 

2670 

1511 

750 

680 

460 

1063 

1937 

820 

1040 

839 

839 

870 

990 

860 

2169 

1719 

1270 

1140 

939 

1127 

1938 

899 

850 

930 

911 

910 

1159 

1450 

3709 

3020 

850 

610 

820 

1345 

1939 

1400 

1750 

1590 

1590 

1611 

1790 

3220 

2860 

1091 

800 

620 

650 

1580 

1940 

1309 

1200 

1000 

1080 

i no 

1 340 

2210 

2689 

1150 

680 

600 

660 

1253 

1941 

1239 

339 

1070 

1080 

1031 

1060 

1390 

2169 

1220 

1619 

1480 

1729 

1289 

1942 

1260 

1129 

1070 

940 

870 

1130 

1580 

2 1 90 

2560 

680 

600 

739 

1229 

1945 

1060 

131 1 

1140 

1489 

1512 

2259 

3830 

3280 

3329 

1509 

699 

1271 

1886 

1944 

1959 

2380 

1950 

! 829 

1850 

1769 

1630 

1320 

1550 

860 

699 

970 

1562 

1945 

1340 

1471 

1200 

1239 

1602 

1 689 

1660 

2629 

2929 

889 

769 

1350 

1561 

1946 

1860 

2081 

1979 

1880 

1881 

2169 

3580 

3130 

1240 

730 

699 

1040 

1854 

1947 

1880 

1640 

1270 

1330 

1681 

1639 

1760 

3029 

1719 

969 

750 

1091 

1562 

1948 

1660 

1640 

1390 

1600 

1821 

1800 

2360 

2790 

308 1 

850 

800 

1091 

1737 

1949 

1 590 

1580 

1260 

1 200 

1541 

2000 

2539 

4309 

2721 

880 

759 

909 

1774 

1950 

1769 

1650 

1280 

1429 

1831 

2080 

2570 

2460 

3380 

1520 

1020 

1400 

1862 

1951 

2060 

2301 

2109 

1880 

2022 

2000 

2881 

3070 

1660 

780 

980 

1 160 

1907 

1952 

2179 

2070 

2019 

2000 

1880 

2470 

3460 

6219 

3410 

920 

889 

1109 

2387 

1953 

1350 

1830 

1959 

2169 

1921 

1730 

1580 

1720 

308 1 

880 

800 

909 

1657 

1954 

1 369 

1610 

1419 

1660 

1872 

1 660 

1929 

3049 

1471 

870 

800 

1101 

1 566 

1955 

1559 

1511 

1460 

1829 

1741 

1769 

1790 

1359 

2101 

899 

750 

850 

1465 

1956 

1520 

1650 

1600 

1650 

1911 

2210 

3190 

3709 

3129 

1 000 

860 

1 360 

1979 

1957 

1909 

2129 

1610 

1520 

2 011 

2480 

2101 

4750 

3440 

1120 

1010 

1 460 

2128 

1958 

1920 

1760 

2080 

1839 

1982 

1750 

1960 

3159 

1329 

860 

810 

1150 

1742 

Mean 

1372 

1439 

1 349 

1364 

1463 

1 590 

1931 

2658 

2130 

972 

826 

1058 

1512 

368 


Table  147.  Observed  and  Estimated  Mean  Discharges  in  Cl'S,  Blackfoot  River  near  Blackfoot,  Idaho 


t 


i 

j 


Water 

Year 

Oct. 

Nov. 

Dec. 

•Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annua  1 

1928 

86 

135 

109 

0 

1929 

169 

240 

130 

99 

142 

122 

373 

259 

150 

46 

34 

138 

158 

1930 

182 

240 

210 

115 

175 

135 

296 

52 

113 

33 

211 

91 

154 

1931 

159 

240 

148 

99 

108 

76 

138 

102 

5 

33 

167 

15 

108 

1932 

60 

118 

63 

18 

21 

51 

136 

244 

259 

68 

31 

45 

91 

1933 

154 

271 

109 

62 

56 

46 

129 

332 

25 

20 

3 

24 

103 

1934 

60 

166 

273 

273 

272 

182 

57 

2 

0 

0 

0 

0 

106 

1935 

0 

27 

99 

60 

2? 

47 

97 

98 

32 

8 

0 

0 

41 

1936 

94 

170 

140 

102 

57 

72 

217 

135 

215 

54 

62 

35 

111 

1937 

119 

222 

259 

63 

45 

68 

96 

202 

118 

26 

5 

-> 

102 

1938 

125 

215 

291 

130 

119 

115 

365 

314 

141 

150 

15 

10 

166 

1939 

272 

287 

190 

180 

169 

263 

585 

46 

47 

8 

2 

55 

157 

1940 

177 

185 

148 

101 

101 

132 

134 

29 

47 

2 

0 

66 

93 

1941 

176 

200 

166 

150 

150 

189 

175 

63 

59 

5 

39 

50 

118 

1942 

207 

230 

203 

98 

85 

99 

336 

250 

44 

13 

7 

37 

134 

1943 

133 

284 

262 

242 

166 

223 

497 

98 

217 

21 

20 

64 

185 

1944 

242 

289 

218 

120 

85 

122 

262 

93 

166 

11 

8 

40 

138 

1945 

122 

297 

229 

171 

202 

207 

158 

221 

176 

37 

101 

192 

176 

1946 

408 

405 

215 

202 

126 

223 

538 

390 

255 

70 

60 

114 

251 

1947 

211 

516 

291 

148 

139 

211 

249 

52 

114 

28 

68 

72 

158 

1948 

179 

519 

275 

135 

94 

180 

271 

413 

183 

60 

50 

54 

185 

1949 

176 

321 

200 

93 

29 

93 

264 

207 

109 

24 

46 

40 

134 

1950 

158 

229 

171 

86 

133 

198 

460 

577 

407 

78 

107 

239 

237 

1951 

468 

339 

332 

184 

299 

273 

550 

600 

124 

54 

197 

103 

294 

1952 

361 

516 

306 

241 

250 

270 

548 

502 

190 

80 

75 

86 

285 

1955 

150 

296 

172 

193 

200 

128 

185 

262 

281 

39 

46 

20 

164 

1954 

190 

318 

167 

122 

151 

122 

175 

70 

67 

26 

33 

40 

125 

1955 

231 

346 

190 

117 

83 

78 

134 

73 

74 

37 

28 

34 

119 

1956 

104 

333 

233 

174 

99 

195 

385 

106 

74 

23 

41 

76 

155 

1957 

184 

319 

158 

75 

168 

184 

380 

901 

153 

26 

4" 

n2 

223 

1958 

158 

269 

158 

76 

144 

122 

424 

304 

66 

26 

20 

50 

151 

Mean 

181 

267 

200 

131 

129 

147 

280 

253 

130 

36 

51 

61 

154 

Table 

148.  Observed  Mean 

Discharges  in 

CFS,  Portneuf  1 

Uver  at 

Pocatel lo, 

Idaho 

Water 

Year 

Oct. 

Nov. 

Dec . 

Jan. 

Feb . 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annua  1 

1928 

9*6 

94 

108 

0 

1929 

174 

235 

215 

200 

213 

429 

466 

485 

155 

80 

86 

134 

239 

1930 

268 

269 

278 

234 

317 

317 

208 

109 

7- 

54 

80 

86 

190 

1931 

208 

255 

229 

224 

247 

332 

255 

86 

59 

33 

42 

61 

169 

1932 

85 

158 

210 

210 

203 

324 

466 

436 

203 

80 

78 

97 

212 

1933 

140 

254 

220 

241 

247 

315 

390 

371 

141 

60 

73 

84 

211 

1934 

94 

195 

220 

228 

231 

179 

62 

41 

47 

29 

36 

59 

118 

1935 

78 

91 

195 

190 

218 

278 

350 

221 

82 

42 

37 

55 

153 

1936 

76 

170 

179 

207 

216 

314 

551 

4S5 

131 

68 

111 

108 

218 

1937 

125 

237 

229 

205 

213 

328 

430 

382 

94 

80 

70 

87 

207 

1938 

112 

188 

276 

246 

323 

382 

509 

389 

116 

141 

81 

103 

238 

1939 

179 

286 

288 

273 

250 

449 

457 

145 

61 

49 

59 

96 

215 

1940 

106 

158 

210 

255 

275 

325 

281 

101 

57 

50 

44 

92 

162 

1941 

102 

150 

207 

197 

290 

369 

385 

268 

111 

72 

99 

106 

196 

1942 

130 

198 

262 

259 

267 

324 

593 

416 

175 

68 

54 

92 

236 

1943 

128 

237 

268 

289 

306 

420 

783 

468 

329 

104 

111 

126 

29“ 

1944 

182 

292 

294 

302 

294 

366 

418 

325 

351 

57 

50 

76 

250 

1945 

124 

244 

254 

281 

396 

358 

417 

610 

541 

132 

141 

218 

308 

1946 

270 

303 

353 

338 

303 

511 

783 

644 

193 

104 

124 

155 

340 

1947 

283 

351 

369 

31 1 

389 

406 

385 

221 

84 

41 

75 

101 

250 

1948 

211 

262 

254 

270 

390 

363 

550 

616 

153 

67 

75 

106 

276 

1949 

239 

281 

267 

236 

229 

408 

592 

390 

156 

70 

67 

8" 

252 

1950 

218 

276 

285 

320 

425 

554 

699 

764 

497 

190 

146 

230 

383 

1951 

304 

353 

328 

291 

414 

410 

521 

353 

97 

59 

127 

123 

281 

1952 

226 

319 

304 

288 

270 

324 

699 

79" 

234 

106 

122 

134 

318 

1953 

150 

292 

325 

389 

350 

376 

415 

281 

341 

63 

80 

82 

261 

1954 

153 

264 

291 

278 

314 

367 

381 

119 

64 

46 

46 

61 

198 

1955 

98 

171 

233 

224 

231 

268 

309 

16" 

94 

39 

60 

69 

163 

1956 

99 

232 

268 

309 

261 

380 

533 

291 

72 

28 

49 

62 

215 

1957 

102 

230 

252 

228 

413 

395 

339 

654 

301 

50 

63 

87 

258 

1958 

145 

262 

291 

280 

425 

433 

555 

463 

86 

41 

68 

86 

260 

Mean 

160 

240 

262 

260 

297 

367 

459 

370 

170 

*’0 

78 

102 

236 

* ■ 1 


369 


Table  149.  Modified  Mean  Discharges  in  CFS,  Snake  River  at  Neeley,  Idaho 


Water 

Year 

Oct. 

Nov . 

Dec . 

Jan. 

Feb. 

Mar . 

APr- 

Majr 

June 

July 

Aug. 

Sept . 

\nnual 

1928 

1929 

3569 

2580 

3099 

2200 

2932 

3470 

4670 

10437 

11161 

12628 
1 3037 

11798 

11697 

6690 

6341 

0 

6295 

1930 

2089 

10 

10 

10 

2532 

2109 

6551 

10538 

11450 

12837 

11888 

6911 

5596 

1931 

1779 

291 

70 

50 

11 

689 

4790 

10967 

11640 

13117 

1 1 707 

6790 

5193 

1932 

2519 

250 

29 

111 

40 

380 

4559 

10948 

11321 

13028 

11998 

6840 

5189 

1933 

2010 

30 

0 

41 

31 

410 

4701 

10418 

11351 

12936 

12088 

6741 

5098 

1954 

2120 

91 

50 

99 

0 

641 

4660 

9519 

9781 

11567 

10177 

5450 

4545 

1935 

2759 

319 

120 

150 

0 

610 

4610 

10158 

10840 

12197 

10858 

5891 

4911 

193b 

2200 

271 

200 

0 

0 

270 

5000 

11258 

11050 

12847 

11787 

6640 

5149 

1937 

2029 

30 

0 

229 

0 

559 

4359 

10548 

11151 

12948 

11878 

6531 

5058 

1938 

2219 

50 

0 

120 

11 

480 

4680 

10437 

10951 

12338 

11707 

6800 

5017 

1939 

1909 

10 

0 

2359 

4432 

4839 

6759 

1 0049 

11151 

12837 

11787 

6630 

6077 

1940 

1930 

40 

111 

60 

0 

820 

4270 

1064” 

11450 

12637 

11637 

6290 

5013 

1941 

1880 

40 

10 

60 

0 

499 

4680 

10738 

lllbl 

12727 

11587 

6440 

5020 

1942 

2019 

0 

20 

410 

20 

530 

5170 

10247 

10850 

12927 

11787 

6559 

5080 

1943 

2460 

10 

10 

2429 

2461 

4658 

16920 

1 1 398 

11050 

12637 

11688 

6580 

68  ”6 

1944 

4779 

3050 

3119 

4410 

3322 

4649 

4420 

10528 

10541 

12927 

11808 

6580 

6703 

1945 

2070 

71 

0 

220 

1402 

3200 

4121 

10037 

11161 

12538 

11808 

6290 

5273 

1946 

3680 

119 

2480 

4410 

4362 

7678 

13141 

14267 

11240 

12628 

1 1608 

6380 

7693 

1947 

2200 

301 

2670 

2569 

4333 

6668 

8690 

13567 

11060 

12637 

11587 

6590 

6914 

1948 

2270 

220 

2719 

2530 

3882 

5699 

4990 

12808 

11250 

12828 

11497 

6450 

6451 

1949 

3728 

360 

1200 

4289 

2121 

7268 

14520 

13628 

11151 

12828 

11777 

6810 

7510 

1950 

1920 

61 

0 

1480 

3602 

7618 

16221 

1 1488 

10840 

12527 

11598 

6580 

7007 

1951 

5439 

4430 

4439 

4899 

9405 

8418 

18940 

13387 

10860 

12628 

11398 

6790 

9241 

1952 

5408 

3521 

3470 

4509 

4842 

8589 

16920 

16987 

11060 

12558 

11798 

6580 

886? 

1953 

4140 

2600 

810 

4328 

4404 

5259 

5491 

9649 

10850 

12727 

11587 

6711 

6564 

1954 

2179 

109 

750 

2779 

4494 

6579 

13490 

12278 

10840 

12738 

11707 

6600 

7059 

1955 

2029 

139 

200 

870 

4443 

5109 

4701 

10247 

11050 

12637 

11598 

6541 

5811 

195b 

23S9 

81 

0 

89 

4402 

8658 

18680 

14958 

13131 

12548 

11507 

6690 

7757 

1957 

4468 

2640 

2559 

4398 

4213 

7299 

8779 

12138 

14381 

12828 

1169" 

6701 

7699 

1958 

5319 

3420 

5480 

3449 

4874 

"389 

5660 

1 3857 

11060 

12538 

11697 

6450 

”463 

Mean 

2850 

837 

1054 

1786 

2549 

4035 

8171 

11600 

1122' 

12693 

11634 

6559 

62"! 

Table 

150. 

Mod i f i ed 

Mean  Di 

scharges 

in  CFS, 

Snake  River  at 

Milner,  Idaho 

water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar . 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annua  1 

1 928 

320 

330 

101 

0 

1929 

1969 

2901 

3499 

3109 

3103 

3680 

881 

0 

10 

3.30 

330 

91 

1654 

1930 

2b0 

160 

359 

460 

3241 

1899 

2070 

0 

0 

330 

320 

91 

748 

1931 

171 

309 

320 

289 

220 

190 

250 

330 

91 

340 

330 

91 

245 

1952 

320 

339 

371 

400 

310 

270 

281 

312 

71 

320 

330 

HI 

284 

1933 

311 

271 

429 

289 

270 

270 

301 

280 

101 

330 

320 

91 

273 

1934 

260 

271 

390 

410 

350 

200 

281 

559 

129 

3.30 

330 

91 

284 

1935 

320 

319 

441 

460 

391 

289 

329 

390 

129 

340 

320 

101 

320 

195b 

311 

339 

489 

429 

690 

460 

319 

420 

0 

340 

320 

91 

351 

1937 

250 

339 

499 

470 

380 

330 

0 

10 

0 

340 

330 

81 

2S3 

1938 

299 

319 

470 

471) 

321 

289 

0 

0 

0 

330 

340 

81 

244 

1939 

200 

301 

470 

2639 

4"64 

4880 

2580 

10 

0 

330 

320 

101 

1940 

241 

260 

400 

420 

461 

641 

10 

10 

0 

330 

340 

81 

265 

1941 

260 

281 

450 

429 

470 

270 

339 

0 

10 

320 

320 

81 

269 

1942 

280 

650 

5 90 

429 

310 

400 

491 

10 

0 

320 

320 

91 

325 

1943 

390 

329 

680 

2899 

2841 

4598 

12640 

1260 

0 

330 

320 

81 

2180 

1944 

3099 

3129 

3410 

4750 

3581 

4150 

1.39 

10 

10 

320 

340 

91 

1919 

1945 

2 70 

250 

429 

499 

1771 

2979 

0 

0 

10 

350 

340 

91 

S7b 

194b 

1779 

271 

2940 

4680 

4703 

7548 

8761 

4128 

10 

320 

340 

81 

2955 

1947 

380 

380 

2979 

2959 

4854 

6538 

1511 

3029 

10 

330 

320 

91 

2171 

1948 

311 

309 

.3089 

.3140 

4452 

5468 

810 

20"0 

0 

320 

330 

101 

1700 

1949 

1810 

339 

1499 

4728 

2681 

7499 

10240 

5689 

0 

320 

311 

101 

2770 

1950 

210 

329 

550 

2060 

1103 

7519 

12o4n 

1350 

10 

320 

330 

81 

2385 

1951 

5819 

4691 

4969 

4950 

1026? 

8.328 

1 4660 

ijso 

10 

520 

330 

91 

4583 

1952 

3689 

3529 

3819 

4680 

5023 

8 1 98 

12640 

6649 

10 

330 

330 

81 

4077 

1953 

2499 

2630 

1120 

4750 

4714 

5099 

1610 

10 

0 

.320 

320 

101 

1917 

1954 

241 

240 

1190 

3200 

4784 

6278 

9311 

1839 

10 

330 

340 

101 

2299 

1955 

350 

360 

489 

1180 

4804 

4909 

420 

10 

0 

330 

330 

101 

1086 

1956 

280 

250 

420 

429 

486  5 

8558 

24500 

4719 

2481 

340 

340 

91 

3083 

1957 

2810 

2670 

3000 

4810 

4854 

7288 

4701 

1899 

3329 

320 

330 

101 

2998 

1958 

3719 

3501 

3779 

3759 

5454 

"49  9 

1481 

3.319 

10 

330 

330 

91 

2767 

Mean 

1037 

1009 

1452 

. : : 

2964 

3885 

38  "9 

1 308 

212 

328 

329 

90 

1545 

370 


Table  151.  Observed  Mean  Discharges  in  CFS,  Big  Lost  River  Below  Mackay  Reservoir  Near  Mackay , Idaho 


Water 

Table 

Oct. 

Nov. 

Dec. 

Jan. 

Feb . 

Mar. 

Apr . 

May 

June 

July 

Aug. 

Sept . 

Annua  1 

1928 

463 

190 

170 

0 

1929 

192 

54 

73 

99 

112 

122 

1 lt> 

190 

644 

325 

153 

156 

186 

1930 

163 

49 

68 

91 

99 

111 

104 

320 

939 

382 

200 

170 

225 

1931 

185 

67 

85 

106 

115 

120 

113 

197 

422 

224 

1 77 

146 

163 

1932 

150 

59 

68 

81 

92 

102 

103 

400 

889 

652 

302 

171 

256 

1953 

182 

62 

80 

94 

108 

120 

116 

115 

1050 

272 

156 

141 

207 

1934 

148 

119 

60 

78 

92 

98 

103 

275 

203 

127 

112 

123 

128 

1935 

133 

57 

60 

78 

90 

101 

104 

145 

817 

644 

351 

165 

229 

1936 

179 

76 

96 

91 

101 

111 

109 

338 

454 

433 

172 

160 

194 

1937 

208 

66 

68 

89 

99 

107 

106 

215 

424 

307 

146 

139 

165 

1938 

141 

91 

60 

75 

83 

94 

104 

327 

1711 

990 

423 

150 

355 

1939 

151 

244 

146 

151 

171 

182 

161 

527 

447 

428 

309 

175 

241 

1940 

213 

69 

72 

91 

111 

117 

114 

413 

711 

457 

247 

99 

227 

1941 

107 

66 

85 

107 

121 

128 

123 

325 

718 

515 

346 

190 

236 

1942 

146 

114 

128 

193 

196 

172 

271 

428 

961 

764 

444 

148 

331 

1943 

122 

89 

128 

161 

173 

176 

197 

756 

1336 

1070 

533 

254 

418 

1944 

140 

134 

207 

179 

148 

180 

171 

402 

12  2/ 

1029 

593 

255 

390 

1945 

99 

119 

208 

176 

177 

159 

161 

273 

686 

685 

564 

240 

297 

1946 

78 

97 

104 

120 

130 

146 

215 

600 

827 

675 

441 

123 

298 

1947 

68 

91 

114 

169 

182 

190 

190 

686 

723 

688 

354 

257 

310 

1948 

101 

62 

86 

102 

108 

119 

146 

395 

1192 

676 

467 

202 

305 

1949 

63 

79 

94 

115 

132 

148 

150 

475 

718 

580 

364 

205 

261 

1950 

91 

67 

81 

98 

110 

114 

114 

358 

568 

751 

449 

141 

247 

1951 

60 

82 

94 

109 

119 

125 

200 

683 

928 

722 

514 

262 

326 

1952 

124 

116 

180 

200 

209 

207 

239 

1023 

1249 

750 

572 

129 

417 

1953 

104 

114 

127 

192 

168 

151 

148 

346 

872 

933 

532 

232 

328 

1954 

107 

76 

91 

104 

114 

125 

150 

585 

534 

751 

423 

277 

280 

1955 

211 

45 

70 

91 

105 

111 

106 

179 

718 

514 

439 

215 

234 

1956 

171 

54 

63 

85 

92 

104 

113 

789 

1571 

828 

486 

208 

381 

1957 

122 

76 

88 

102 

114 

120 

124 

400 

1319 

829 

550 

119 

351 

1958 

120 

118 

125 

135 

144 

150 

165 

1192 

1265 

715 

483 

513 

412 

Mean 

136 

87 

100 

119 

127 

134 

144 

439 

871 

624 

377 

186 

279 

Table 

152.  Observed  and 

Estimated  Mean 

Discharge 

s in 

CFS,  Big 

Wood  River 

near 

Gooding , 

Idaho 

Water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb . 

Mar. 

May 

June 

July 

Aug. 

Sept . 

Annua  1 

1928 

15 

8 

3 

0 

1929 

29 

92 

42 

52 

54 

46 

18 

18 

17 

15 

0 

2 

32 

1930 

23 

77 

78 

65 

54 

59 

15 

29 

29 

23 

0 

36 

1931 

47 

39 

39 

26 

27 

18 

3 

10 

5 

8 

18 

10 

21 

1932 

11 

54 

28 

21 

26 

42 

76 

59 

55 

34 

28 

17 

37 

1933 

37 

81 

42 

41 

76 

98 

126 

174 

30 

26 

20 

20 

64 

1934 

23 

67 

47 

31 

50 

16 

13 

18 

20 

18 

IS 

15 

28 

1935 

11 

84 

24 

16 

27 

16 

12 

56 

40 

25 

24 

3 

26 

1936 

5 

67 

44 

33 

45 

130 

218 

60 

96 

41 

53 

32 

67 

1937 

26 

69 

37 

29 

38 

78 

1 56 

91 

89 

26 

29 

2" 

56 

1938 

13 

55 

132 

46 

41 

267 

1207 

1933 

1244 

494 

46 

54 

462 

1959 

57 

108 

36 

24 

47 

753 

671 

83 

39 

28 

31 

24 

159 

1940 

26 

47 

28 

37 

137 

96 

180 

75 

40 

44 

28 

79 

6" 

1941 

20 

59 

53 

23 

70 

49 

71 

47 

77 

42 

46 

57 

49 

1942 

49 

101 

54 

59 

169 

276 

825 

678 

425 

36 

37 

72 

251 

1943 

51 

101 

117 

351 

505 

1374 

2948 

1068 

1195 

420 

78 

77 

686 

1944 

91 

155 

111 

135 

150 

215 

351 

390 

271 

62 

70 

91 

174 

1945 

62 

118 

72 

85 

310 

202 

373 

234 

218 

59 

70 

103 

IS7 

1946 

78 

173 

145 

80 

205 

914 

889 

506 

296 

44 

65 

109 

292 

1947 

125 

148 

124 

89 

204 

283 

452 

192 

202 

37 

60 

91 

166 

1948 

39 

92 

140 

99 

143 

228 

104 

83 

77 

42 

47 

156 

105 

1949 

57 

148 

54 

36 

29 

550 

202 

102 

131 

41 

49 

109 

126 

1950 

41 

79 

54 

60 

177 

236 

713 

486 

242 

70 

98 

155 

200 

1951 

101 

148 

172 

115 

407 

493 

1484 

1281 

365 

80 

86 

134 

404 

1952 

54 

195 

93 

67 

530 

1083 

2129 

2668 

1035 

197 

81 

138 

688 

1953 

41 

69 

190 

289 

177 

202 

997 

299 

366 

52 

57 

101 

236 

1954 

39 

92 

106 

176 

160 

163 

328 

146 

202 

49 

52 

131 

136 

1955 

57 

86 

127 

80 

76 

154 

205 

182 

103 

68 

50 

97 

107 

1956 

26 

118 

244 

215 

101 

589 

978 

1010 

913 

75 

101 

146 

376 

1957 

52 

244 

198 

106 

468 

406 

676 

1115 

716 

67 

98 

168 

358 

1958 

34 

59 

184 

164 

211 

130 

871 

1772 

845 

72 

78 

173 

385 

Mean 

43 

101 

93 

88 

157 

305 

576 

495 

313 

76 

so 

80 

198 

371 


Table  153.  Modified  Mean  Discharges  in  CIS,  Snake  River  at  king  Hill,  Idaho 


water 


Tear 

Oct. 

Nov. 

Dec . 

Jan. 

Feb. 

Mar. 

May 

June 

July 

*u6- 

Sept . 

Annua  1 

1928 

7335 

7463 

7660 

0 

1929 

9484 

10769 

10054 

9930 

9800 

10816 

7502 

6540 

7440 

7276 

7563 

7998 

8760 

1930 

8034 

7260 

7193 

6787 

9892 

8154 

8674 

7382 

6892 

7202 

8114 

8163 

7796 

1931 

7813 

7373 

7039 

6966 

6706 

6774 

6738 

6930 

6588 

6561 

6920 

7136 

6965 

1932 

7315 

6183 

6906 

6746 

6702 

7015 

6687 

6946 

6595 

6800 

7086 

7591 

6966 

1933 

7808 

7531 

7106 

6998 

6667 

6829 

6869 

6802 

6467 

6584 

6915 

7420 

7002 

1934 

8071 

7741 

7806 

7619 

7218 

6611 

6450 

6546 

6581 

6bl9 

6548 

6601 

7036 

1935 

7208 

6951 

7084 

7018 

6521 

6415 

6872 

6774 

6833 

6907 

7097 

7186 

6909 

193b 

7328 

7218 

6925 

7198 

7523 

6858 

7106 

6473 

7351 

6761 

7306 

7616 

71 35 

1937 

7691 

7395 

7218 

6790 

6611 

6819 

6608 

6314 

6689 

6803 

7193 

7527 

6974 

1938 

7745 

7321 

7345 

7076 

6677 

6951 

6279 

6538 

6899 

7522 

7384 

7527 

7110 

1939 

7966 

7482 

7450 

9215 

11175 

11294 

8900 

6311 

6696 

7086 

7193 

7435 

8165 

1940 

7774 

7336 

7241 

7029 

6960 

6888 

60S4 

6307 

6269 

6824 

7205 

7805 

697b 

1941 

7963 

7580 

7202 

6886 

6854 

0392 

655 1 

6345 

7201 

7076 

7247 

7796 

7091 

1942 

8008 

8111 

7753 

7385 

6804 

7019 

6862 

6641 

7274 

7202 

7463 

7781 

7362 

1943 

7792 

7911 

7932 

10136 

9681 

11735 

19414 

8019 

6287 

7540 

7680 

8084 

9337 

1944 

11086 

10726 

10465 

11449 

10062 

10301 

6768 

6563 

7314 

7185 

7636 

' 

8960 

1945 

8174 

7754 

7405 

7215 

8395 

9497 

6497 

6743 

7001 

7429 

7686 

8126 

7658 

1946 

9553 

7843 

10203 

11632 

1133U 

14457 

15665 

10894 

7395 

7460 

7740 

8148 

10189 

1947 

8462 

7805 

10119 

9655 

11602 

13270 

10924 

9631 

7398 

7322 

7863 

9350 

1948 

8406 

8116 

10463 

9974 

11113 

12171 

7173 

8828 

7017 

7460 

7571 

- - 

88 6" 

1949 

9688 

7811 

8543 

11745 

9297 

14167 

16835 

10361 

7280 

7306 

7850 

- . 

1950 

8335 

7825 

7382 

8639 

10668 

14101 

18873 

8348 

6902 

7493 

7610 

8087 

9503 

1951 

11556 

12025 

12109 

1173b 

17694 

15432 

22039 

10371 

7711 

7471 

8184 

82"  7 

1 1999 

1952 

12075 

11188 

11049 

11387 

11920 

15348 

20542 

13766 

7474 

7974 

7990 

- 

11584 

1953 

11000 

10556 

8525 

12374 

11479 

1 1923 

8707 

7642 

8329 

7524 

7932 

8378 

9321 

1954 

8593 

8186 

8697 

10250 

11661 

12875 

15855 

8101 

7795 

7356 

7681 

8196 

9583 

1955 

8379 

8001 

7463 

8060 

11350 

11078 

6941 

7062 

7077 

7618 

7710 

8000 

8211 

1956 

8182 

7958 

7839 

7619 

11530 

15143 

20972 

1 1 304 

10361 

7424 

7977 

8270 

. 6 

1957 

10883 

10351 

10203 

11379 

11703 

15621 

11463 

8910 

10971 

7423 

7945 

8452 

10264 

1958 

11998 

11250 

10975 

10707 

12404 

14101 

8141 

10171 

7507 

7550 

8010 

8381 

10095 

Mean 

8814 

8418 

8458 

8922 

9593 

10471 

10498 

7987 

7320 

7227 

7545 

7904 

8590 

Annuo  Meon  Q'SChorge  , cfs 
Moximum  months 
Maximum  year 
20  percent  of  time 
Mean  months 
80  percent  of  'ime 
Minimum  year 
Minimum  months 


Annual  Mean  Discharge,  c f s | 
Maximum  months  2622  ^ 

Maximum  year  2030 

20  percent  of  time  1828  - 

Mean  months  1362 

80  percent  of  time  1036  -I 

Minimum  year  995 

Minimum  months  230  -j 


8 1 3 1 
7075 
6068 
4780 
3754 
2980 
2371 


M inimum  reor 


MONTHS 


MONTHS 


Monthly  discharge,  Snake  River  at  Idaho  - Wyoming 
State  Lme 


Figure 


Monthly  discharge,  Snake  River  at  Moran,  Wyo. 


Annual  Mean  Discharge,  c f s 
Maximum  months  10,660 

Maximum  year  8,735 

20  percent  of  time  8,463 

Mean  months  6,489 

80  percent  of  time  4,864 

Minimum  year  4,765 

Minimum  months  4,240 


MONTHS 


MONTHS 


Monthly  discharge,  Snake  River  nr  Heise.ldo 


Monthly  discharge.  Henrys  Fork  nr  Reiburg  , idoho 


Figure 
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3,940  sq  m> 
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T 
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2,045 
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Annual  Wean  Discharge,  c f s 

• Maximum  months  423 

Maximum  year  383 

r20  percent  of  time  3l4 

Mean  months  236 

+ 80  percent  of  time  170 

Minimum  year  118 

• Minimum  months  99 


Annual  Mean  Discharge,  c f s 
Maximum  months  384 

Maximum  year  294 

20  percent  of  time  218 

Mean  months  154 

80  percent  of  time  85 

Minimum  year  41 

Minimum  months  18 


Period  1929  -1958 
1970  Conditions 
Dramoge  area 


Minimum 
• Year  . 


"*  Minimum^- 


MONTHS 


MONTHS 


Figure  2 62  Monthly  discharge,  Blackfoot  River  nr  Blackfoot , Ida  Figure  263  Monthly  discharge,  Portneuf  River  at  Pocatello , Idaho 


Annual  Mean  Discharge,  cfs 
Maximum  months 
Maximum  year 
20  perc en t of  time 
Mean  months 
80  percent  of  time 
Minimum  year 


Annual  Mean  Discharge  , c f s 
Maximum  months  5,012 

Maximum  yeor  4,583 

20  percent  of  time  3,283 

Mean  months  1,545 

80  percent  of  time  256 

Minimum  year  244 

Mnimum  months  172 


Period  1929-1958 
1970  Conditions 
Drcnoge  orea 
l 17,180  sq  mi, 


9,966  A 
9,241 
8,055  -j 
6,271  ; 

4,949  A 
4.545 
4.420  - 


Minimum  months 


Minimum 
60  Percent 


MONTHS 


MONTHS 


Figure  2^r  Monthly  discharge,  Snake  River  ot  Milner,  Idaho 


Figure  Monthly  discharge,  Snake  River  ot  Neeley,  Ido 
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requency  curves,  Snake  River  at  Milner  .Idaho  Sh  2 of  2 Figure  278  Frequency  curves,  Big  Wood  River  near  Gooding , Idoho 
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SCHARGE,  THOUSAND  CUBIC  FEET  PER  SECOND  ^ DISCHARGE,  THOUSAND  CUBIC  FEET  PER  SECOND 
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PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Duration  curves,  Snake  River  near  He'se , ><1ohc 


Duration  curves,  Snoke  River  at  Idaho  - Wyoming 
State  line 


Figure 


Period  1929  1958 
19  70  Conditions 


Annuo  i 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Figure  “HA  Duration  Curves,  Biackfoot  River  near  Blockfoot 


Figure  Duration  curves,  Menrys  Fork  near  Renburg  , Idaho 
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Duration  curves,  Portneuf  River  at  Pocatello , Idaho  Figure  28b  Duration  curves,  Snoke  River  at  Neeley,  Idaho 


PFRCENT  OF  TIME  EQUALED  OR  EXCEEDED  PERCENT  Op  TIME  EQUALED  OR  EXCEEDED 


Duration  curves,  Snake  River  at  Milner , Idaho 


Figure  288  Duration  curves,  Big  Lost  River  below  Mockoy 
Reservoir  near  Mackay,  Idaho 


DISCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND 


Figure  i&j  Duration  curves.  Big  Wood  River  near  Gooding, 
Idaho 


Figure  290  Duration  curves,  Snoke  River  at  King  Hill,  Idaho 


Figure  7)\  Frequency  curve  of  annuo)  peak  flows.  Snoke  River  at  Moron , Wyoming 


EXCEEDENCE  FREQUENCY  PER  HUNDRED  YEARS  EXCEEDENCE  FREQUENCY  PER  HUNDRED  YEARS 
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igore  ’«•  Frequency  curve  J onnuol  peak  flows,  Blockfoot'R  nr  Biockfoof,  Idaho  Figure  295  Frequency  curve  of  annual  peak  flows,  Portneuf  R at  Pocatello,  Idaho 


Table  1S4.  Dependable  Yield,  Snake  River  at  Moran,  Wyoming  Table  155.  Dependable  Yield,  Snake  River  at  Idaho-Wyoming  State  Line 


Table  1S8.  Dependable  Yield,  Blackfoot  River  near  Blackfoot,  Idaho  Table  159.  Dependable  Yield,  Portneuf  River  at  Pocatello,  Idaho 


Table  162.  Dependable  Yield,  Big  Lost  River  below  Mackay 

Reservoir  near  Mackay,  Idaho 
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Figure  298  Long-term  variation  in  precipitation  and  streamflow. 


RIVER  MILE 


Figure  299  Time  of  travel, Snake  River -Moran  to 
Milner,  for  selected  discharges  at  index  gaging  stations 
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Quality 

The  following  sections  discuss  aspects  of  the  quality  of  the 
surface  waters  of  the  Upper  Snake  Subregion;  water  quality  is  dis- 
cussed under  these  topics;  chemical,  biochemical-biological, 
sediment,  and  water  temperature. 

Chemical 

Streamflows  near  the  source  of  most  tributaries  in  the  Upper 
Snake  Subregion  are  relatively  dilute  calcium  bicarbonate  type 
waters,  having  100  mg/1  (milligrams  per  liter)  or  less  of  dissolved 
solids.  However,  dissolved  solids  and  sodium  content  show  marked 
increases  as  the  water  proceeds  downstream.  The  dissolved  solids 
content  of  some  streams  as  they  enter  the  Snake  River  is  as  much  as 
seven  times  greater  than  that  in  their  headwaters  area.  (64-1) 

Tributaries  entering  the  Snake  River  from  the  south  are 
usually  more  highly  mineralized  and  have  larger  percentages  of 
sodium,  chloride,  and  sulfate.  The  higher  concentrations  are  due 
partly  to  percolation  of  irrigation  water  through  rocks  with  higher 
soluble  mineral  content.  A second  factor  is  the  smaller  amount  of 
precipitation  in  the  headwaters  area  of  the  southern  portion  of  the 
basin.  The  lower  rainfall  results  in  less  runoff  being  available 
for  dilution.  Also,  more  soluble  materials  are  available  to  increase 
mineral  concentration  because  less  material  has  been  leached  from 
the  soils  by  precipitation,  (figure  301) 

The  main  stem  of  the  Snake  River  shows  downstream  changes  in 
chemical  quality  which  reflect  both  man's  use  and  the  effects  of 
waters  of  different  natural  quality  entering  the  stream.  Samples 
collected  during  a low-flow  period  in  1965  in  the  reach  from  Alpine, 
near  the  Idaho-Wyoming  border,  to  Buhl,  Idaho,  showed  a progressive 
increase  in  both  dissolved  solids  concentration  and  SAR  (sodium- 
adsorption  ratio).  Dissolved  solids  increased  from  about  175  to 
more  than  400  mg/1,  and  SAR  increased  from  0.2  to  1.5  mg/1.  (73) 

Below  Buhl,  the  dissolved  solids  concentration  dropped  to  340  mg/1 
because  of  dilution  by  spring  inflow.  The  alluvial  materials  in 
the  area  contribute  to  this  downstream  increase  in  mineral  content 
of  the  main  stem  as  also  do  irrigation  return  flows.  In  some  areas, 
treatment  is  required  before  the  water  can  be  used  as  a municipal 
or  industrial  supply. 

In  parts  of  the  Henrvs  Fork  Basin,  unusually  high  concentra- 
tions of  fluoride  occur.  Laird  (64-14)  reports  concentrations  of 
more  than  4.0  mg/1  in  places.  Big  Springs  Creek,  Buffalo  River, 

Warm  River,  and  Falls  River  contained  more  than  2.0  mg/1  fluoride 
in  August  1960.  Ilenrvs  Fork,  from  Island  Park  Reservoir  to  the 
mouth,  contained  from  1.4  to  1.8  mg/1.  The  higher  fluoride  con- 
centrations occur  in  streams  draining  the  volcanic  formations  in 
the  northern  and  eastern  parts  of  the  basin.  (64) 


39 1 


•J.N0*7  0H*° 


Biochemical -Bio logical 


■ 

| 

i 

1 


Dissolved  oxygen  levels  of  the  Upper  Snake  River  and  its 
tributaries  are  usually  near  the  saturation  level,  as  indicated 
in  table  16S.  However,  reduced  dissolved  oxygen  concentrations 
have  at  times  been  a problem  on  the  main  stem  of  the  Snake  River 
within  the  subregion,  particularly  in  Milner  Lake.  Milner  Lake 
is  a pool  over  30  miles  long  created  by  Milner  Dam,  located  some 
10  miles  west  of  the  town  of  Burley.  The  most  serious  pollution 
problem  has  occurred  in  the  downstream  portion  of  the  pool  below 
Burley.  This  pollution,  which  is  largely  a winter  problem,  is 
caused  by  several  factors:  in  recent  years,  potato  and  sugar 

processors  have  been  discharging  large  quantities  of  oxygen- 
demanding  wastes  into  the  river;  some  municipal  wastes  are  dis- 
charged into  the  river  in  this  reach;  at  times  during  the  winter 
very  little  water  is  passing  through  the  pool  because  it  is  being 
stored  in  fulfillment  of  upstream  rights;  and,  when  the  pool 
becomes  ice  covered,  reaeration  is  inhibited.  Because  of  these 
factors,  the  pool  becomes  septic  at  times;  among  other  adverse 
effects,  this  pollution  has  caused  some  of  the  most  severe  rough 
fish  kills  in  the  United  States  in  a few  given  years. 


In  August  1967,  very  low  dissolved  oxygen  levels  in  American 
Falls  Reservoir  were  caused  by  extremely  hot  weather,  low  water 
levels  in  the  reservoir,  discharges  of  inadequately  treated  wastes, 
and  the  sudden  death  and  decay  of  a large  mass  of  algae  collected 
at  the  western  end  by  wind  action.  As  a result,  a substantial 
number  of  game  and  trash  fish  were  killed. 


Table  K>5  - Dissolved  Oxygen  5 Col i form  Organisms  Densities 
Upper  Snake  Subregion 


Locat ion 

Dis 

solved 

mg/1 

Oxygen 

Coliform  Organisms 
/100  ml 

Mean 

Min 

Max 

Mean 

Min 

Max 

Snake  R.  at  torenzo 

9.7 

7.6 

11.9 

398 

109 

542 

ilenrys  Fork  nr  St.  Anthony 

10. S 

8.9 

12.1 

- 

- 

- 

N.  F.  Teton  R.  nr  Sugar 

10.8 

9.2 

12.3 

- 

- 

- 

S.  F.  Teton  R.  nr  Rexburg 

10.3 

8.3 

12.0 

- 

- 

ilenrys  Fork  nr  Rexburg 

8.4 

6 . 5 

10.8 

1,065 

141 

1 ,600 

Snake  R.  above  Idaho  Falls 

9.4 

7.6 

11.4 

- 

- 

- 

Snake  R.  nr  Shelly 

9.8 

8.0 

11.9 

- 

- 

- 

Blackfoot  R.  at  mouth 

9.2 

6.9 

10.7 

- 

- 

- 

Snake  R.  at  Tilden  Bridge 

9.7 

6.9 

11.8 

25,400 

16,000 

34,800 

Portneuf  R.  nr  mouth 

7.4 

5.3 

9.5 

- 

- 

- 

Snake  R.  below  Amer.  Falls 

9.0 

6.5 

12.8 

5,403 

70 

16,000 

Raft  R.  nr  mouth 

9.6 

1.9 

13.7 

9,725 

3,450 

16,000 

Snake  R.  at  Milner  Dam 

7.8 

3.6 

9.8 

14,608 

2,210 

34 ,800 

Snake  R.  nr  flagerman 

9.3 

8.1 

10.0 

3,180 

1,600 

5,420 
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The  biological  quality  of  the  Snake  River  is  variable.  High 
bacterial  concentrations  are  found  in  the  reaches  helow  Idaho  Falls 
and  below  Burley;  these  concentrations  are  caused  both  by  industrial 
wastes  and  by  inadequately  treated  municipal  sewage. 

Densities  of  coliform  organisms  below  some  populated  areas 
are  high  enough  that  the  water  is  considered  unsuitable  for  water- 
contact  recreation.  For  example,  table  165  shows  very  low  densities 
01  coliform  organisms  in  the  upper  reaches  of  the  Henrys  Fork  and 
the  Snake  River;  however,  below  Idaho  Falls  and  Shelly  (as  measured 
at  Tilden  Bridge  just  above  American  Falls  Reservoir)  and  below 
Burley  (as  measured  at  Milner  Dam),  the  densities  are  often  quite 
high. 


Sediment 


The  few  suspended-sediment  concentration  data  (all  unpub- 
lished) available  for  the  Upper  Snake  Subregion  were  collected 
intermittently  during  the  period  1943-60.  Reconnaissance-type 
studies  of  sediment  deposition  in  three  small  reservoirs  in  Gooding 
and  Blaine  Counties  were  made  in  1954.  A low  rate  of  sediment  yield 
was  indicated  by  these  studies.  Figure  301A  shows  that  sediment 
yield  ranges  between  0.02  and  0.5  acre-foot  per  square  mile  per 
year.  (30)  Most  of  the  Snake  River  Plain  yields  less  than  0.1  acre- 
foot  per  square  mile  per  year,  and  only  one  small  area  south  of 
.American  Falls  exceeds  0.2.  In  the  smaller  watersheds  on  tin  north 
side  of  the  Snake  River  Plain,  much  of  the  coarse  sand  and  gravel 
is  presumably  derived  from  channel  and  bank  erosion.  \ctual  Pedi- 
ment contributions  from  much  of  the  area  of  southern  Idaho  are 
unknown . 


Water  Temperature 

Water  temperature  data  are  published  by  the  Geological 
Survey  for  three  sites  in  the  subregion.  These  data  are  not  suf- 
ficient to  develop  an  adequate  stream  temperature  profile,  although 
they  do  give  an  indication  of  the  magnitude  and  variation  of  tem- 
peratures at  the  measuring  points.  Temperatures  and  chemical 
quality  data  are  published  for  the  Snake  River  near  Heise  and  at 
king  Hill.  In  addition,  temperatures  are  given  for  the  Henrys  Fork 
near  Rexburg.  Maximum,  minimum,  and  mean  monthly  values  for  vary- 
ing lengths  of  record  are  shown  in  figure  302. 
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Figure  302  Monthly  woter  temperatures  for  selected  stations 


GROUND  WATER 

Two  aquifer  units,  the  alluvial  deposits  (Qal)  of  Quaternary 
age  and  the  basaltic  volcanic  rocks  of  late  Tertiary  and  Quaternary 
age  (QTv) , are  major  aquifers  in  Subregion  4.  These  aquifers, 
especially  the  volcanic  rocks,  support  the  most  extensive  ground- 
water  development  in  the  entire  region.  A third  aquifer  unit,  the 
silicic  volcanic  rocks  (Tsv) , sustains  considerable  local  ground- 
water  development.  A fourth  unit,  the  sedimentary  deposits  of  late 
Tertiary  and  early  Quaternary  age  (QTs) , also  yields  moderate  to 
moderately  large  amounts  of  water  at  some  places. 

The  chemical  quality  of  the  water  generally  is  good  to 
excellent.  Dissolved  solids  are  usually  less  than  500  mg/1.  Water 
from  the  silicic  volcanic  rocks  has  a high  sodium  percentage  at 
some  locations. 

Many  reports  have  been  released  giving  information  on  aqui- 
fers and  occurrence  of  ground  water  in  various  parts  of  Subregion  4. 
The  more  significant  ones  are  listed  in  references  21,  25,  26,  31, 
57,  81,  85,  86,  88,  93,  146,  149,  150,  183,  192,  203. 
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Aquifer  Units  and  Their  Hydrologic  Characteristics 


Seven  aquifer  units  have  been  delineated  in  Subregion  4. 
Aquifer  units  are  shown  in  figure  303,  which  is  based  chiefly  on 
the  geologic  map  of  Idaho  (133),  Wyoming  (69),  Utah  (154),  and 
Nevada  (156) . 

The  alluvial  and  associated  deposits  of  Quaternary  age  (Qal) 
include  stream  alluvium  forming  terraces  and  benches  and  underlying 
flood  plains;  glacial  outwash,  till,  and  undifferentiated  glacial 
drift;  and  lacustrine  deposits  of  silt  and  fine  sand.  Some  of  the 
older  gravel  deposits  are  interbedded  with  basalt  flows  of  the  Snake 
River  group.  (72)  Coarse  sand  and  gravel  deposits  are  extensive  in 
the  alluvial  aquifer  units  along  the  Snake  River  and  its  major 
tributaries;  the  deposits  are  very  porous  and  permeable  and  yields 
of  one  to  several  thousand  gallons  per  minute  are  common. 
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The  basaltic  lava  of  late  Tertiary  and  Quaternary  age  (QTv) 
belongs  chiefly  to  the  Snake  River  group,  but  includes  some  lava  of 
the  Idaho  group.  (72)  The  lavas  and  interbedded  pyroclastics  and 
sedimentary  materials  underlying  the  Snake  River  Plain  east  of  Bliss 
compose  the  Snake  Plain  aquifer  (86),  one  of  the  most  productive  in 
the  United  States.  Generally,  individual  flows  range  from  10  to 
50  feet  in  thickness  and  probably  average  20  to  25  feet.  Typically, 
the  central  part  of  an  individual  flow  has  low  permeability.  The 
results  of  laboratory  tests  on  83  core  samples  gave  an  average 
permeability  of  0.14  gallons  per  day  per  square  foot.  (86-158) 

However,  the  upper  surfaces  of  most  flows  are  irregular  and  they 
may  be  very  rough  and  blockv.  Lava  of  overlying  flows  generally 
fails  to  comple"  ?ly  fill  these  openings,  resulting  in  very  permeable 
interflow  zones.  Scoria,  coarse  cinders,  or  gravel  may  be  inter- 
bedded with  the  lavas  and  also  are  good  aquifers;  however,  silt  or 

clay  interbeds  greatly  reduce  the  permeability.  Transmissibi lities  . 

determined  from  33  pumpage  tests  in  the  Snake  Plain  aquifer  averaged 
5 million  gallons  a day  per  foot.  (86-158)  Most  of  these  tests  were 
made  on  wells  penetrating  75  to  200  feet  below  the  water  table  and 
did  not  represent  the  entire  thickness  of  the  aquifer  unit. 

Not  all  of  the  younger  volcanic  rocks  (QTv)  shown  on  figure 
305  are  as  permeable  as  the  Snake  Plain  aquifer.  Basalt  south  of 
the  Snake  River  in  the  Twin  Falls-Salmon  Falls  area  is  somewhat 
older,  probably  belonging  chiefly  to  the  Idaho  group.  (72)  The 
coefficient  of  transmissibi lity  of  the  basalt  and  silicic  volcanic 
rocks  (Tsv)  in  the  Salmon  Falls  area  was  estimated  by  Fowler  (31-12) 

to  average  about  15,000  gallons  per  day  per  foot.  ] 
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The  sedimentary  deposits  of  late  Tertiary  and  Quaternary 
age  (QTs)  include  sediments  of  the  Snake  River  group,  the  Idaho 
group,  the  Salt  Lake  formation,  and  Pliocene  and  Miocene  sediments 
in  Wyoming.  These  range  mostly  from  Pliocene  to  Middle  Pleistocene 
in  age,  hut  the  Salt  Lake  formation  may  include  some  older  deposits. 
Over  large  areas  the  deposits  consist  predominantly  of  fine-grained 
materi als--si It , bedded  tuff,  clay,  and  fine  sand.  Pyroclastic 
materials  and  lava  flows  are  interbedded  with  the  sediments  in  both 
the  Idaho  group  and  the  Salt  Lake  formation  and  these  materials, 
with  occasional  lenses  of  coarse  sand  or  gravel,  are  more  permeable 
and  produce  moderate  yields  locally. 

The  silicic  volcanic  rocks  of  Tertiary  age  (Tsv) , mostly 
Pliocene,  are  chiefly  welded  tuff  and  latitic  and  rhyolitic  flows, 
but  include  bedded  tuff  and  some  gravel  beds.  Silicic  volcanic 
rocks  interfinger  with  the  Salt  Lake  formation  in  eastern  Idaho 
and  in  many  areas  the  relations  between  the  two  units  have  not  been 
well  defined.  In  the  western  part  of  Subregion  4 these  rocks  have 
been  mapped  as  the  Idavada  volcanics  (72)  of  lower  Pliocene  age. 

The  hydrologic  characteristics  of  the  silicic  volcanic  rocks  vary 
greatly.  At  some  places  only  small  to  moderate  yields  can  be 
obtained;  at  other  places,  such  as  on  the  Rexburg  Bench,  and  at 
several  locations  in  the  (loose  Creek-Dry  Creek  area  and  the  Salmon 
Falls  Basin,  moderately  large  to  large  yields  are  obtained.  The 
larger  yields  apparently  are  obtained  from  wells  penetrating  coarse 
pyroclastics  or  interbedded  basaltic  volcanic  rocks. 

The  older  consolidated  sedimentary  strata  of  Tertiary  age 
(Tos)  crop  out  only  in  Wyoming.  They  consist  of  many  types  of  fine 
to  coarse-grained  stratified  sediments.  Much  of  their  primary  poros- 
ity and  permeability  has  been  reduced  by  compaction  and  cementation; 
some  secondary  porosity  has  developed  from  jointing  and  other  frac- 
turing. As  a rule,  the  finer-grained  strata  will  yield  only  small 
amounts  of  water  because  of  low  porosity  and  permeability,  but 
coarser-grained  phases  may  yield  larger  supplies,  especially  in 
areas  where  faulting  has  fractured  the  rocks. 

The  Challis  volcanics  (Tcv)  consist  of  a varied  assemblage 
of  rocks,  chiefly  rhyolitic  in  composition,  but  they  also  include 
some  basalt  flows,  welded  tuffs,  and  pyroclastics.  Most  of  these 
rocks  are  believed  to  range  from  Focene  to  Miocene  in  age. 

Generally  they  are  greatly  altered  and  mineralization  has  reduced 
their  original  porosity  and  permeability.  They  crop  out  in  large 
uninhabited  areas  north  of  the  Snake  River  Plain  and  the  scanty 
information  available  suggests  that  they  usually  have  low  porosity 
and  permeability. 

A diverse  group  of  rocks  is  collectively  shown  as  pre- 
Tertiary  (pT) . This  unit  includes  consolidated  sedimentary  rocks 
such  as  shale,  limestone,  and  sandstone  and  intrusive  igneous  rocks 
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such  as  granite.  These  form  the  mountain  ranges  which  are  largely 
uninhabited  but  they  underlie  some  basins  at  relatively  shallow- 
depths.  Most  of  these  rocks  have  low  porosity  and  permeability  and 
yield  only  small  quantities  of  water.  However,  several  wells  in  the 
western  margin  of  the  Goose  Creek  Basin,  and  several  in  Nevada,  yield 
large  supplies  from  pre-Tertiary  limestone.  Many  small  springs  dis- 
charge from  the  pre-Tertiarv  aquifer  unit  and  its  chief  importance 
is  in  supplying  a large  volume  of  shallow,  fairly  short-term  storage 
that  maintains  the  base  flow  of  streams  draining  the  mountains. 

A summary  description  of  the  aquifer  units,  their  general 
hydrologic  characteristics,  and  the  general  quality  of  the  water 
yielded  by  them  are  given  in  table  166.  The  general  availability 
of  ground  water  is  shown  on  a map,  figure  304.  For  maximum  utility, 
that  map  and  the  aquifer-unit  map,  figure  303,  should  be  used 
together . 


Water  in  Storage 

A rough  estimate  of  the  quantity  of  water  stored  in  each 
aquifer  unit  in  a specified  depth  interval  below  the  water  table 
is  given  in  table  167. 

The  alluvial  aquifer  unit  (Qal)  is  predominantly  coarse 
grained,  but  does  include  some  lake  bed  sediments  in  several  areas. 

A specific  yield  of  20  percent  was  used  for  this  unit. 

The  younger  volcanic  rocks  (QTv)  have  high  porosity  but  not 
all  pores  are  interconnected;  therefore,  the  specific  yield  probably 
is  considerably  less  than  the  porosity.  The  average  coefficient  of 
storage  determined  in  18  aquifer  tests  in  the  Snake  Plain  aquifer 
was  4 percent.  (86-158)  Because  these  tests  were  of  only  a few 
days'  duration,  the  storage  coefficient  shown  by  the  tests  may  be 
smaller  than  the  true  specific  yield.  A value  of  5 percent  was 
used  for  computing  storage  for  table  167. 

The  younger  Tertiary  sedimentary  deposits  (QTs)  are  only 
moderately  consolidated  and  compacted  and  generally  only  lightly 
cemented;  therefore,  a specific  yield  of  10  percent  was  used  for 
computing  the  volume  of  water  stored  for  this  unit. 

The  silicic  volcanic  rocks  (Tsv)  and  the  older  sedimentary 
rocks  (Tos)  were  assigned  a specific  yield  value  of  2 percent.  The 
Challis  volcanics  (Tcv)  and  the  pre-Tertiarv  rocks  (pT)  probably 
have  very  low  porosity  at  depth,  perhaps  much  less  than  1 percent. 
These  two  units  have  moderately  deep  zones  of  weathering  and, 
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Table  lob  Description  of  Aquifer  Units,  ami  Their  Hydrologic  har  a- terist : c s . ^-ubregi. 


Map  Symbol  and 

i a-. . l-.ftic  Relations 

,jai . Alluvium,  eoli an  deposit*; 
gUsi.il  drift  including  out  wash 
deposits , terrace  sand  and 
gravel,  lake  beds  and  playa 

• 

Holocene  in  age 


UTv : Basaltic  volcanic  rocks 

:i f~ the  snake  River  ar.d  Idaho 
Groups,  chiefly  extruded  as 
cones  and  dames  in  the  snake 
River  Plain  and  bordering 
areas.  Middle  Pliocene  to 
Holocene  in  age 


jl s Sediment ar • lcposits  of 
lacustrine  and  flu.-.al  origin; 
includes  sediments  of  snake 
River  tnd  Ida1  '•»  . up  ■ «•.  .t  ot 
l win  falls,  -.alt  I ake  I*,  east 
of  Twin  > alls.  Pliocene  and 
M;  ene  sediment-  in  »•  mmg 
Tpm  or  rate  of  <*•  map ) 

Miocene  to  Pleistocene  in  age 

Tsv  Silicic  volcanic  rocks, 
cTTIef ly  -elded  tuft  and  flows 
of  latitic  and  rhyolitic  com- 
• State  of 

Idaho  map;  Includes  ldavada 
vo  Is  an  i.  rocks  • f 'tilde,  and 
others.  Mi  cene  t Pliocene 


tos  consolidated  sedimentary 
• rr.it  a chiefly  Pal  eocene. 

1 sis  ene , and  Oligocene  in  age. 

nly  in  Wyoming  part  of 
the  suh region. 


T cv  hillis  Volcanics.  vol- 
canic : • v «>f  variable  compo- 

T 

Snake  River  Plain  in  Idaho. 
Eocene! ’ to  Miocene' 'I  in 

age. 


i t.iclog:-  npt  ion 

'lay,  silt,  sand,  gravel,  and  boulders,  un- 

• 

enented.  Alluvium  and  gl->.  ial  deposits 
floor  the  valleys,  and  terrace  gravel  occurs 
along  some  streams,  lake  beds  firmed  behind 
basalt  daff-  in  Rupert.  Aaem  in  falls, 
rts,  M • ■ ' " 

blown  deposits  mantle  much  of  area. 


Olivine  basalt,  light  to  dark  gray . dense  t 
cesivular,  s-'W-t  imes  .-pen  textured,  irregu- 
lar t.  columnar  jointing.  In  !.’.••  beds  of 
basaltic  cinders,  rubbly  basalt  and  scoria, 
trarii 

. ' ■ ’ 

lo  to  :.n  feet  thick,  probably  average  2"  to 
2'  feet  ttu-k 


Stratified,  thir-  to  thi-k  tedded  slight lv 
'jlidatt  ! lay,  >ilt.  -.•nd,  gravel,  ■ *r' 
■ >n  a,  i us  shale,  vo.  am.  ish . tuffaceous 
silt  and  sand,  water- laid  fragmented 
material  md  djst  rr.it'.-.  In.  ludes  miner 
an  ants  of  mtprbedded  basalt,  rhyolite, 
and  tuff. 


s • ; i . latite;  chiefly  thick  liver  f 
de.  it  rified  w-il'-d  tuff.  - .t  includes 
bedded  vitric  tuff  and  lava  flows,  rhyo- 
lit;,  tuff  and  'lows  Ir-’Jominjnr  por 
ph.riti  . 1 ontains  interbeds  of  pyro 

Jjsti,  and  clastic  rocks  including  shale, 
sandstone,  arid  conglomerate 


Variegated  Ijyst  nr,  shale,  -andst.ir*-. 
lenticular  conglomerate,  sandstone,  s' ale. 
coal  sequences,  volcanic  pebble  congi 
crate,  tuffaceous  claystone,  tuff,  tuffa- 
ceous marl . 


Extrusive  rocks,  ranging  from  rh>  dire  to 
basalt,  includes  welded  tuft,  pyt  !i-ti  . 
tuff  a.  eous.  and  of  her  sedimentary  rocks, 
includes  some  intrusive  rocks  of  earl' 

Tertiary  ais*' 


Indurated  limestone,  sandstone,  shale 
Imth  south  and  north  of  the  make  Piver 
Plain.  .ramre  an.:  other  intrusive  r ks 
form  central  Idaho  mountain  w" 


Hydro l-g is  i.'haracten  st  :■  s 

indy  and  gi  illuviu 

to  large  quantities  of  water  to  »'  ••' 

Helds  from.  to  150  feet  ? -at  : 

coarser  material  common!-  are  1,000-2,  i'v 
gpir. . -pec  j f i *.  capacities  are  vemmunlv 

r foot 

bv  irrigation,  percolation  from  streams 
Important  sours e of  water  in  the  upper 
reaches  of  the  Snake  River  and  in  flanking 
tributary  valleys. 

i nit  constitutes  the  Snake  Plain  aquifer 
. . • • • . . • • f thi  • roduct 

. r.  The  United  States,  'enter  of  ind:i:d 
ual  la. a flow  generally  has  1 . perm.- 
i . • . hater  moves 

interflow  cones,  w’  re  saturated  t-.  » • • - 
js  let  to  200  feet,  wells  • .mr  r . • UfiJ 
1,01'"  To  5,01't'  gp»  with  •*  »>*  ■v"’  '■ 

down.  Specific  capacities  of  S'"’  I.  gp“ 
per  foot  are  common 

Wei  1 -sorted  - md  »nd  grave;  strata  are  per 

’ ■ ’ 

giii  >:.s  per  minute  where  to  1 tee*  ! 
the  arser  material  is  saturated 


Porosity  generally  1 *,  permeability  h.g'ly 
variable  fractures  and  ir.tertl-tw  tone' 
yield  large  quantities  f water  t well' 

100  to  gpm  at  - -ne  pin  hot  m.is 

sive.  unbroken  rock  yields  little  water. 
Sar.d,  tuff,  and  ash  beJs  yield  imsderat*- 
iu.ir.t  it  ;*-c  t water.  m.i ; i t . m*  Tet.it- 
•.  n-lls  tor  Jooesti-  an.!  • ■ ‘ •-•••  .'r-ri.l. 

ava;  lal-le.  water  xm,  irdrr  arte- 
pressure  Numerous  hot  springs 

Porost tv  1 w , permeability  h.ghlv  vmi'  ii 
but  generally  low.  few  dat  a a-.  i.  I " ' ;t 

- 

most  pla.es.  cas-.unal  w«  : . ' " 

stone  or  limestone  may  yield  moderate  t 
large  supplies. 

little  information  available,  hut  apparent 
ly  has  generally  low  porosity  and  p-tme 
ability  tields  small  amounts  of  water 
where  coarse  grained  or  \ointed  it'k.t'.v 
wnl  vield  supplies  adequate  far  iomesti. 
and  st.-  ► e at  most  p . a.  es 
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FIGURE  304 


Table  167.  Storage,  Recharge,  and  Discharge  of  Ground  Water 
in  Aquifer  Units  in  Subregion  4 


Aqui  fer 
Unit 

Sq.  Mi. 

Acres 
(1000 ' s) 

Specific 
Yield 
(percent ) 

Depth 

Used 

(ft) 

Water 
(1000's 
ac- ft) 

Annual  Recharge 
and  Discharge 
I nches 

Over  1,000' s 
Area  (ac-ft) 

Qal 

6, 4U0 

4,100 

20 

50 

40,000 

5,000 

QTv 

10,750 

6,900 

5 

100 

34,000 

- 

10,000 

QTs 

2,410 

1,540 

10 

100 

15,000 

3 

400 

Tsv 

4,030 

2,580 

2 

100 

5,000 

3 

650 

Tos 

865 

550 

9 

50 

550 

6 

275 

Tcv 

1,150 

740 

1 

50 

370 

3 

180 

PT 

9,000 

5,750 

1 

50 

2,700 

3 

1,440 

QTvs  1/ 

870 

550 

5 1/ 

100 

2,500 

3 

140 

TOTAL 

35,000 

22,700 

100,000 

18,000 

(rounded) 

1/  The  geology 

of  Nevada  has  been  only 

partly 

mapped . 

The  area 

shown 

on  the 

aquifer-unit  map.  Figure  303, 

as  Quaternary 

and 

Tertiary  volcanic  rocks 

and  sediments  (QTs)  includes 

the  younger 

basalt  (QTv) 

, younger  Tertiary  sedimentary 

deposits 

(QTs), 

and 

silicic  vole 

anic  rocks  (Tsv) . A specific  yield  of  5 

percent  was 

used 

for  the 

area . 

•cause  the  water  table  is 

in  this  w 

eathered  zone, 

the  u 

pper 

50  feet  of  saturated  material  has  a higher  specific  yield  than  the 
unweathered  rock.  A specific  yield  of  1 percent  was  assigned  to 
those  units. 


A storage  depth  of  100  feet  was  used  for  the  younger  basalt 
CQTv) , the  younger  sedimentary  deposits  (QTs) , and  the  silicic 
volcanic  rocks  (Tsv) ; 50  feet  was  used  for  all  other  units.  Accord- 
ing to  table  167,  about  100  million  acre-feet  of  water  is  stored 
within  the  specified  depth  interval  in  the  aquifer  units.  Nearly 
75  percent  of  this  is  in  the  two  major  aquifers  (Qal , QTv)  and  an 
additional  20  percent  is  stored  in  the  two  less  important  aquifers 
(QTs,  Tsv). 


Natural  Recharge  and  Discharge 

The  Challis  volcanics  (Tcv) , the  older  consolidated  sedi- 
mentary rocks  (Tos) , and  the  pre-Tertiarv  rocks  (pT)  are  largely 
confined  to  mountainous  areas  which  are  underlain  chiefly  by  those 
rocks.  Recharge  to  these  units  is  mostly  from  direct  rainfall  and 
snowmelt  during  spring  and  early  summer;  but  there  is  also  some 
recharge  from  rainfall  in  late  summer  and  fall,  especially  at 
lower  altitudes.  The  aquifers  discharge  primarily  into  the  many 
relatively  short  streams  draining  the  mountains  and  secondarily 


into  the  aquifer  units  underlying  the  valleys  and  basins.  Much 
of  the  ground-water  effluent  entering  the  streams  in  the  mountains 
eventually  also  recharges  aquifers  in  the  valleys. 
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The  younger  sedimentary  deposits  (QTs)  and  the  silicic 
volcanic  rocks  (Tsv)  crop  out  extensively  in  benches  and  broad 
uplands,  where  they  are  recharged  by  direct  rainfall,  by  snowmelt, 
and  to  some  extent  by  influent  seepage  from  streams  draining  the 
bordering  mountain  ranges.  They  discharge  by  underflow  into 
adjoining  lowland  aquifers  and  by  seepage  into  streams  which,  in 
turn,  are  influent  to  aquifers  in  the  basins. 

The  basins  and  plains  are  underlain  chiefly  by  alluvial 
deposits  (Qal)  and  younger  basaltic  volcanic  rocks  (QTv) . Precipi- 
tation is  generally  less  than  10  inches  and  recharge  from  precipita- 
tion is  minor.  Most  of  the  recharge  is  by  infiltration  of  surface 
runoff  generated  on  peripheral  mountains  and  highlands.  Prior  to 
extensive  irrigation,  recharge  was  mainly  from  influent  seepage  from 
short  creeks  terminating  in  the  alluvium  at  the  base  of  mountains 
and  from  the  Snake  River,  Teton  River,  and  Henrys  Fork.  After 
settlement  of  the  area,  seepage  from  irrigation  became  a very 
important  source  of  recharge  to  the  Snake  River  Plain  and  peripheral 
basins.  Leakage  from  hundreds  of  canals  and  farm  laterals  and 
seepage  from  irrigated  farms  have  greatly  augmented  flow  in  the 
underlying  aquifers. 

Aquifers  underlying  all  peripheral  basins,  except  those 
basins  downstream  from  Milner  Dam  on  the  south  side  of  the  Snake 
River,  discharge  into  the  Snake  Plain  aquifer;  and  much  of  the 
surface  discharge  from  the  same  basins  also  becomes  recharge  to 
the  aquifer.  Discharge  from  the  Snake  Plain  aquifer  is  into  the 
Snake  River  in  two  reaches:  the  American  Falls  Reservoir  reach 

and  the  Hagerman  Valley  reach.  During  the  decade  1951-60,  the 
aquifer  discharged  an  average  of  about  2,500  and  6,500  cfs  into 

the  respective  reaches.  (82-5)  All  of  the  water  discharging  into  j 

the  American  Falls  Reservoir  reach  is  rediverted  for  irrigation 

and  constitutes  a portion  of  the  6,500  cfs  discharging  in  the  1 

Hagerman  Valley  reach. 

Table  167  shows  average  annual  discharge  of  about  18  million 
acre-feet,  about  15  million  acre-feet  from  the  two  major  aquifers 
alone.  Because  recharge  and  discharge  are  approximately  in  equilib- 
rium, this  represents  a rough  estimate  of  annual  gross  recharge  and 
natural  and  pumped  discharge  from  the  aquifers  in  the  area.  Some 
water  cycles  in  and  out  of  aquifers  at  least  three  times  as  it 
moves  from  the  upper  end  of  the  basin  to  the  lower  end.  Thus, 
although  15  million  acre-feet  may  be  roughly  the  gross  annual  re- 
charge to  the  two  major  aquifers,  net  recharge  is  considerably  less,  I 

perhaps  on  the  order  of  8 or  10  million  acre-feet.  Aquifers  at  the  j 

lower  end  of  Subregion  4 discharge  into  the  Snake  River  above  [ 
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King  Hill.  The  quantity  varies  considerably  from  year  to  year 
because  of  differences  in  the  amount  of  water  diverted  for  irriga- 
tion on  the  plain  which  depends,  in  part,  upon  annual  precipitation 
in  the  subregion.  The  quantity  of  ground  water  discharged  from  the 
Snake  Plain  aquifer  for  the  period  1951-55  was  estimated  to  average 
about  6,500  cfs . (86-180)  According  to  Burnham  and  others  (12-25 
and  figure  18) , estimated  discharge  during  the  period  1956-59 
averaged  nearly  6,700  cfs,  but  after  1959  the  discharge  declined, 
in  part,  because  of  increased  pumpage.  Average  discharge  for  the 
period  1960-65  was  estimated  to  be  about  6,200  cfs.  (12-25  and 

figure  18)  The  average  discharge  by  1970  may  be  on  the  order  of  J 

6,000  cfs.  In  addition,  about  1,000  cfs  discharges  from  aquifers 
on  the  south  side  of  the  Snake  River  below  Milner  Dam.  (80-7) 

Total  ground-water  discharge  from  the  subregion  is  about  7,000  cfs 
or  5 million  acre-feet  a year.  Probably  at  least  another  3 or 
4 million  acre-feet  of  ground  water  is  being  consumed  in  the  sub- 
region.  Much  of  this,  originating  from  springs  and  seeps,  is 

diverted  from  streams  or  reservoirs  for  irrigation  use.  9 

Hydrographs  of  representative  wells  and  selected  streams 
are  shown  in  figures  305  and  306. 

Annual  Ground-Water  Withdrawal 

Ground-water  withdrawal  (table  168)  , based  on  1967  data  and 
projected  to  1970,  is  estimated  to  be  about  2.5  million  acre-feet 
a year.  About  2.4  million  acre-feet  a year  is  withdrawn  for  irri- 
gation, chiefly  from  the  alluvial  deposits  (Qal)  and  the  younger 
basalts  (QTv) . 

Chemical  Quality  of  Water 

> Water  from  the  alluvial  deposits  (Qal)  and  the  younger 

' volcanic  rocks  (QTv)  usually  is  satisfactory  for  nearly  all  uses. 

Dissolved  solids  generally  are  less  than  500  mg/1  and  probably 
average  less  than  300  mg/1.  The  water  is  chiefly  of  the  calcium 
magnesium  bicarbonate  type.  Silica  commonly  ranges  from  20  to 
50  mg/1  and  probably  averages  about  30  mg/1.  Generally  the  sodium 
hazard  is  low  and  the  salinity  hazard  is  low  to  medium.  Boron 

concentrations  are  low.  Locally,  total  dissolved  solids  and  percent  1 

sodium  may  be  considerably  higher  than  usual  because  of  minerals 

added  by  percolating  irrigation  water.  Water  temperatures  usually 

range  from  45°  to  55°F.  , but  may  be  a few  degrees  higher  in  water 

from  deeper  wells  in  the  volcanic  rock.  There  is  some  indication 

of  a slight  but  general  deterioration  in  water  quality  as  water  is 

used  and  reused  in  passing  from  the  upper  to  the  lower  end  of  the 

subregi on . 
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13-0445,  Warm  River,  at  Warm  River,  1928;  Aquifer  unit,  QTv,  Tsv; 
Drainage  area  178  sq.  mi,;  Ave.  discharge  229  eft. 


13-1170,  Birch  Creek,  1962;  Aquifer  unit,  Qa 1 ; 
Drainage  area  320  sq.  mi.;  Ave.  discharge  78.8  cfs 


13-0522,  Teton  River,  1964;  Aquifer  unit,  Oal,  pT; 
Drainage  area  33 5 sq.  mi.;  Ave.  discharge  3 66  cfs 


13-1200,  Big  Lost  River.  1964;  Aquifer  unit,  pT,  Qa 1 
Drainage  area  114  sq.  mi.;  Ave.  discharge  103  cfs. 


13-0320,  Bear  Creek,  1962,  Aquifer  unit,  pT; 

Drainage  area  77.1  sq.  mi.;  Ave.  discharge  71.0  cfs 


JUNE 


JULY 


Figure  306  Hydrographs  showing  low-flow  characteristics  of  selected  streams 


Table  168  - Estimated  Ground-Water  Withdrawal  and  Consumptive  Use, 

Subregion  4,  1970 


Ac-ft  per  year;  all  quantities  in  thousands 


Wyoming 


Nevada 


Irrigation 


2 

Acres  Irrigated 

760 

0 

0 

0.35 

760 

Withdrawal 

2,400 

0 

0 

1 

2,400 

Consumptive  Use 

1,300 

0 

0 

.5 

1,300 

Industrial!/ 

Withdrawal 
Consumptive  Use—' ' 

62 

2.3 

- 

- 

64. 

3.1 

. 1 

" 

" 

3. 

Public  Supplies 

Persons  served 

180 

2 

0 

0 

182 

Withdrawal 

50 

.4 

0 

0 

50 

Consumptive  use!./ 

10 

. 1 

0 

0 

10 

Rural-Domestic 

Persons  served 
Withdrawal—/ 

124 

1 

- 

- 

125 

14 

. 1 

- 

- 

14 

Consumptive  use!/ 

7 

- 

- 

- 

*7 

Stock 

Withdrawal  and 

consumptive  use_' 

6 

.02 

.01 

.08 

6 . 

TOTAL  WITHDRAWAL  (rounded) 

TOTAL  CONSUMPTIVE  USE  (rounded) 

1 _/  Self- supplied  industrial. 

2/  Assumed  to  be  5 percent  of  gross  withdrawal. 
3/  Assumed  to  be  20  percent  of  gross  withdrawal. 
4/  Estimated  use  100  gallons  per  day  per  person. 
5/  Assumed  to  be  50  percent  of  gross  withdrawal. 
6/  Assumed  that  all  water  withdrawn  is  consumed. 
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Table  168  - Estimated  Ground-Water  Withdrawal  and  Consumptive  Use, 

Subregion  4,  1970 


Ac-ft  per  year;  all  quantities  in  thousands 


Idaho 

Wyoming 

Utah 

Nevada 

Total 

Irrigation 

Acres  Irrigated 

760 

0 

0 

0.35 

760 

Withdrawal 

2,400 

0 

0 

1 

2,400 

Consumptive  Use 

1,300 

0 

0 

.5 

1,300 

Industrial!/ 

Withdrawal 
Consumptive  Use— 

62 

2.3 

- 

- 

64.3 

3.1 

. 1 

3.2 

Public  Supplies 

Persons  served 

180 

2 

0 

0 

182 

Withdrawal 

50 

.4 

0 

0 

50 

Consumptive  use.!/ 

10 

. 1 

0 

0 

10 

Rural-Domestic 

Persons  served 
Withdrawal-/ 

124 

1 

- 

- 

125 

14 

. 1 

- 

- 

14 

Consumptive  use!./ 

7 

- 

- 

- 

7 

Stock 

Withdrawal  and 

consumptive  use”.'  6 

TOTAL  WITHDRAWAL  (rounded) 

TOTAL  CONSUMPTIVE  USE  (rounded) 

.02 

.01 

.08 

6. 1 
2,530 
1,300 

\J  Self-supplied  industrial. 

2/  Assumed  to  be  5 percent  of  gross  withdrawal. 
3/  Assumed  to  be  20  percent  of  gross  withdrawal. 
4/  hstimated  use  100  gallons  per  day  per  person. 
5 / Assumed  to  be  50  percent  of  gross  withdrawal. 
6/  Assumed  that  all  water  withdrawn  is  consumed. 
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Water  from  the  younger  sedimentary  strata  (QTs)  nd  the 
silicic  volcanic  rocks  (Tsv)  have  somewhat  higher  concentrations 
of  dissolved  solids,  but  the  concentration  is  generally  less  than 
700  mg/1  and  rarely  exceeds  1,000  mg/1.  Average  concentration 
probably  is  400  to  500  mg/1.  The  percent  sodium  in  water  from  the 
younger  sedimentary  strata  (QTs)  usually  is  higher  than  in  water 
from  the  alluvial  deposits  (Qal)  and  the  younger  volcanic  rocks 
(QTv)  but  still  is  commonly  less  than  50  percent.  The  sodium  adsorp- 
tion ratio  rarely  exceeds  4 and  generally  ranges  from  less  than  1 to 
3.  Fluoride  exceeds  1 mg/1  in  a few  of  the  samples;  boron  in  excess 
of  0.3  mg/ 1 is  rare.  Water  from  some  wells  in  the  silicic  volcanic 
rocks  (Tsv)  is  warm. 

Water  from  the  older  rock  units  (Tos , Tcv,  and  pT)  generally 
has  dissolveu-solids  concentrations  of  less  than  500  mg/1,  and  is 
moderately  to  very  hard.  Highly  mineralized  warm  to  hot  water  occurs 
at  some  places. 

Chemical  analyses  are  listed  in  many  of  the  areal  reports 
cited  previously.  A discussion  of  the  chemical  types  of  water  in 
the  upper  Snake  River  Basin  is  given  by  Walker.  (180) 


Present  Use  and  Future  Availability 


Total  pumped  ground-water  withdrawals  were  estimated  to  be 
about  2.4  million  acre-feet  in  1967,  with  about  2.3  million  acre- 
feet  being  pumped  for  irrigation. 

In  addition,  nearly  2 million  acre-feet  of  ground  water  that 
discharges  into  American  Falls  Reservoir  is  diverted  annually  for 
irrigation  and  a large  part  of  other  surface-water  diversions  con- 
sists of  ground-water  effluent. 

Of  the  pumped  ground  water,  nearly  500,000  acre-feet  is 
from  aquifers  in  basins  peripheral  to  the  Snake  River  Plain  and 
about  1.9  million  acre-feet  is  from  aquifers  in  the  Snake  River 
Plain. 


In  the  basins  on  the  north  flank  of  the  Snake  River  Plain, 
much  of  the  ground  water  pumped  is  for  supplemental  irrigation. 
Pumpage  varies  greatly  from  year  to  year,  depending  on  availability 
of  surface  water  supplies  and  seasonal  precipitation.  The  quantities 
given  for  these  basins  represent  the  general  level  of  development  for 
the  1965-67  period,  not  necessarily  the  actual  pumpage  in  1967. 
Withdrawals  from  these  basins  are  entirely  from  the  alluvial  depsits 
(Qal).  Estimated  quantities  were:  Camas  Prairie,  2,000  acre-feet; 

Big  Wood  River-Silver  Creek,  10,000  acre-feet;  Big  Lost  River, 

40,000  acre-feet;  and  Little  Lost  River,  40,000  acre-feet.  With- 
drawal in  the  Teton  Basin  was  from  the  alluvial  deposits  (Qal)  and 
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probably  did  not  exceed  2,000  acre-feet.  Withdrawals  from  basins 
in  the  southeast  flank  of  the  Snake  River  Plain  were  about  as 
follows:  Rexburg  Bench,  25,000  acre-feet  from  the  younger  volcanic 

rocks  (QTv)  and  the  silicic  volcanic  rocks  (Tsv) ; Michaud  Flats, 
20,000  acre-feet  from  the  younger  sedimentary  deposits  (QTs)  and 
the  silicic  volcanic  rocks  (Tsv);  Raft  River  Basin,  160,000  acre- 
feet  from  the  alluvial  deposits  (Qal)  , the  younger  sedimentary 
deposits  (QTs),  and  the  silicic  volcanic  rocks  (Tsv);  Goose  Creek- 
Rock  Creek  area,  185,000  acre-feet  from  the  alluvial  deposits  (Qal), 
the  younger  volcanic  rocks  (QTv),  the  silicic  volcanic  rocks  (Tsv), 
and  the  pre-Tertiary  rocks  (pT) ; and  Salmon  Falls  area  8,000  acre- 
feet  from  the  .younger  volcanic  rocks  (QTv)  and  the  silicic  volcanic 
rocks  (Tsv).—  Withdrawals  on  the  Snake  River  Plain,  1.9  million 
acre-feet,  are  largely  from  the  younger  volcanic  rocks  (QTv):  but 
many  wells  along  the  Snake  River  and  southeast  of  the  river  between 
St.  Anthony  and  Pocatello  obtain  water  from  the  alluvial  deposits 
(Qal). 


Pumped  withdrawals  in  Subregion  4 were  estimated  to  be 
2.4  million  acre-feet  in  1967  and  2.5  million  acre-feet  by  1970; 
consumptive  use  is  estimated  to  be  about  1.2  and  1.3  million  acre- 
feet,  respectively.  Net  withdrawal  of  ground  water  by  pumpage  in 
1967  probably  was  a little  more  than  consumptive  use.  No  attempt 
was  made  to  compute  the  total  cumulative  net  withdrawal  of  ground 
water  since  pumpage  became  quantitatively  significant  about  15  years 
previously.  However,  the  total  quality  of  ground  water  used  con- 
sumptively during  this  15-year  period  probably  is  on  the  order  of 
10  million  acre-feet.  A very  brief  check  of  hydrographs  and  the 
decline  of  the  water  table  shown  in  figure  26  by  Burnham  (12, 
figure  26)  indicates  that  withdrawal  from  storage  in  the  Snake  Plain 
aquifer  probably  was  less  than  0.5  million  acre-feet,  assuming  a 
specific  yield  of  5 percent.  Withdrawal  from  storage  from  the 
alluvial  deposits  (Qal)  in  flanking  basins,  chiefly  from  Raft  River 
Basin,  probably  was  about  0.5  million  acre-feet,  making  a total 
withdrawal  of  about  1 million  acre- feet.  Thus,  it  seems  apparent 
that  the  remaining  9 million  acre-feet  of  ground  water  used  was 
supplied  by  depleting  the  natural  discharge  from  the  aquifer  or 
from  an  increase  in  recharge.  Well  hvdrographs  (12,  figure  26)  also 
indicate  that  there  was  no  depletion  of  storage  of  the  Snake  Plain 
aquifer  between  about  1962  and  1966. 

As  indicated  by  the  map  showing  general  availability  of 
ground  water,  figure  304,  and  described  in  previous  sections,  it  is 
obvious  that  large  quantities  of  water  can  be  obtained  at  many 
places  in  the  Snake  River  Basin.  Wells  yield  large  to  very  large 
amounts  of  water  nearly  everywhere  in  the  Snake  River  Plain;  however, 
utilization  is  limited  by  the  depth  to  water.  The  depth  to  water 


1 J Data  in  part  from  Burnham,  W.  1,.,  and  others.  (12) 
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increases  northwest  and  north  of  the  Snake  River  and  exceeds 
1,000  feet  in  places  (figure  304). 


It  is  also  clear  that  surface  and  ground  water  are  very 
closely  related  at  many  places  in  the  subregion.  Development  of 
large  supplies  of  ground  water  at  the  eastern  end  of  the  plain 
affects,  to  some  degree,  return  flows  to  American  Falls  Reservoir. 
However,  withdrawal  from  the  Snake  Plain  aquifer  downgradient  from 
the  American  Falls  Reservoir  has  no  effect  on  the  surface  water 
supply  presently  used  for  irrigation  in  Subregion  4.  Withdrawals 
in  that  reach  affect  discharge  from  the  aquifer  in  the  llagerman 
Valley  reach--thus  the  downstream  availability  of  water.  Ground- 
water  withdrawals  on  the  south  side  of  the  Snake  River  downstream 
from  Milner  Dam  also  have  little  or  no  effect  on  the  available 
surface  water  supply  for  Subregion  4. 

In  some  of  the  flanking  basins  of  the  Snake  River  Plain 
large  quantities  of  ground  water  are  available.  However,  in  parts 
of  most  of  these  basins,  surface  and  ground  water  are  closely 
related;  therefore,  development  of  large  supplies  of  ground  water 
may  have  an  adverse  effect  on  the  surface  water  supply.  Also, 
water  in  these  basins  is  influent  to  the  Snake  River  Plain  aquifer 
and  use  of  water  in  the  flanking  basins  affects  the  availability 
of  ground  water  in  the  Snake  River  Plain.  Because  the  water  table 
has  been  lowered  by  pumping,  Raft  River  Basin  and  Goose  Creek-Rock 
Creek  areas  have  been  declared  critical  by  the  Idaho  State 
Reclamation  Engineer. 

Artificial  Recharge 


No  planned  artificial  recharge  is  being  done  in  Subregion  4 
at  present;  however,  recharge  incidental  to  irrigation  is  a major 
factor  in  the  hydrologic  regimen.  In  1962,  a study  of  the  feasibil- 
ity of  artificial  recharge  of  aquifers  underlying  the  Snake  River 
Plain  was  made  by  the  Bureau  of  Reclamation  and  the  Geological 
Survey.  (166  and  180)  The  study  concluded  that  surplus  water  for 
recharging  was  available  from  llenrys  Fork  and  the  Snake  River,  and 
that  artificial  recharge  was  hydrological ly  feasible.  There  are 
several  places  where  water  could  tie  diverted  to  flow  by  gravity  to 
recharge  sites  on  the  Snake  River  Plain. 

Numerous  opportunities  also  exist  for  artificial  recharge 
in  basins  flanking  the  Snake  River  Plain.  Big  and  Little  Lost 
River  Basins,  for  example,  arc  underlain  by  O'* tensive  alluvial 
deposits  and  the  water  table  is  at  considerable  depths' treneaXh_ 

terraces  along  the  flanks  of  the  basins.  Surplus  winter  and  spfTirg—  - 

flows  in  Big  and  Little  Lost  Rivers  could  lie  diverted  to  recharge 
the  alluvium. 
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The  Raft  River,  Goose  Creek,  and  other  basins  on  the  south 
side  of  the  Snake  River  also  are  underlain  by  aquifers  suitable  for 
recharging.  There  is  no  surplus  water  available  in  these  basins 
and  recharge  water  would  need  to  be  imported  from  the  Snake  River, 
the  only  available  source.  Because  the  areas  where  recharge  is 
needed  are  at  considerably  higher  altitudes  than  the  feasible 
diversion  points,  pumping  would  be  required. 

Conjunctive  use  of  surface  and  ground  water  may  offer  the 
greatest  opportunity  for  optimum  utilization  of  the  water  supply. 

A report  prepared  by  the  Bureau  of  Reclamation  and  the 
Corps  of  Engineers  (167  Sec.  7-75  to  83  proposed  that  both 
surface  and  ground  water  be  used  in  the  Raft  River  and  Goose  Creek 
Basins.  Surface  water  would  be  pumped  from  the  Snake  River  and 
diverted  to  the  areas.  Pumpage  from  wells  would  utilize  the  ground- 
water  supply  which  would  be  augmented  by  seepage  from  the  irrigation 
project.  The  proportion  of  surface  and  ground  water  used  would  vary 
from  year  to  year  with  more  ground  water  being  pumped  in  dry  years. 


Water  Rights 


Tdaho 


Ground  water  has  been  developed  extensively  within  the 
upper  Snake  River  Basin,  and  rights  consist  mainly  of  irrigation 
use  under  permits  and  licenses.  There  has  never  been  an  area- 
or  basinwide  adjudication  of  ground-water  rights  in  Idaho. 

Ground-water  use  within  the  tributary  drainage  areas  was 
originally  a supplement  to  surface  water  supplies  but  more  recent- 
ly it  has  been  for  new  land  reclamation.  In  some  areas,  the  use 
of  ground  water  has  or  will  interfere  directly  with  future  surface 
water  adjudication  rights  because  of  the  interconnection  of  the 
two  water  supplies.  Because  ground-water  development  appears  to 
have  exceeded  safe  yield  of  the  basins  in  several  areas  south  of 
the  Snake  River,  further  well  development  may  be  prohibited. 

On  the  Snake  River  Plain  extensive  improvement  of  desert 
lands  under  ground-water  permits  has  taken  place.  No  major  areas 
of  water-right  conflicts  have  resulted  and  no  serious  water 
shortages  are  anticipated. 
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Nevada 


Ground-water  development  within  the  Nevada  portion  of 
Subregion  4 has  been  small  and  principally  limited  to  providing 
supplemental  water  for  irrigation.  The  development  of  some  addi- 
tional water  by  wells  in  this  subregion  in  Nevada  is  possible  but 
only  subject  to  existing  water  rights  and  agreements.  One  ground- 
water  development  for  recreational  use  is  proposed  under  a permit 
issued  by  the  State  Engineer  for  the  irrigation  of  a golf  course 
covering  some  250  acres.  Also  several  ground-water  rights  have 
been  issued  certificates  for  commercial  purposes  to  provide 
facilities  for  the  recreational i sts . 

Table  168A  shows  the  ground-water  rights  of  record  in 
Nevada.  Most  uses  are  of  small  quantities  of  water  at  the  present 
time . 


Table  168A  - Existing  Nevada  Ground-Water  Rights,  Subregion  4,  1969 


Status 

Railroad  Commercial  Other 

Reservoir 
Storage  Rights 

(Cubic  Feet  Per  Second) 

(Acre  Feet) 

Certificates 

3 

1 ,080 

Permits 

2 3 

5,670 

Wyoming 

Ground-water  development  in  the  Snake  River  Basin  in  Wyoming 
has  been  very  limited  in  the  past  but  has  accelerated  for  some  uses 
in  the  last  5 years. 

The  use  of  ground  water  for  irrigation  and  stock  is  very 
limited  and  this  trend  is  not  expected  to  change  in  the  foreseeable 
future  due  to  the  amount  of  surface  water  readily  available  for 
these  purposes.  The  main  use  of  ground  water  is  for  municipal, 
domestic,  and  recreation  oriented  uses  such  as  fish  hatcheries, 
etc.  It  is  expected  that  development  for  these  uses  will  continue 
on  a limited  scale  as  the  recreation  industry  in  this  part  of  the 
basin  continues  to  expand. 
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RELATIONSHIP  BETWEEN  SURFACE  AND  GROUND  WATER 

In  Subregion  4,  the  mountain  ranges  along  the  north  side  and 
east  end  of  the  basin  are  high  rainfall  areas  and  precipitation  at 
the  higher  elevations  generally  is  40  to  60  inches.  Precipitation 
on  the  south  and  southeast  flanks  of  the  basin  is  less  but  many 
mountains  receive  25  to  40  inches  at  higher  elevations.  Streams 
receive  ground-water  effluent  throughout  the  year  nearly  everywhere 
in  the  foothills  and  mountains.  Because  most  of  those  areas  are 
underlain  by  pre-Tertiary  rocks  of  relatively  low  permeability  and 
limited  storage  capacity  and  because  of  steep  hydraulic  gradients, 
base  flow  decreases  greatly  during  prolonged  dry  periods.  The 
streams  lose  part  or  all  of  their  discharge  on  reaching  the  part  of 
the  basin  underlain  by  the  alluvial-aquifer  unit  (Qal)  and  the 
younger  basalt-aquifer  unit  (QTv) . No  surface  stream  draining  the 
north  side  of  the  basin  between  the  mouth  of  Henrys  Fork  and  the 
Big  Wood  River,  a straight  line  distance  of  160  miles,  reaches  the 
Snake  River.  Flow  of  these  streams  is  lost  to  alluvial  deposits 
(Qal)  in  their  respective  basins  or  to  alluvial  deposits  and 
younger  volcanic  rocks  at  the  margin  of  the  Snake  River  Plain. 

The  Snake  River  is  the  trunk  drain  in  the  subregion  and  all 
outflow  from  the  subregion  is  through  the  Snake  River.  However, 
through  the  Snake  River  Plain,  the  Snake  River  alternately  gains 
and  loses  in  several  reaches  before  finally  collecting  all  surface 
and  ground-water  discharge  near  the  western  end  of  the  subregion. 
Partial  descriptions  of  gains  and  losses  in  the  Snake  River  and 
the  relations  of  surface  water  to  ground  water  are  given  in  several 
reports.  (25,  83,  86,  150) 

A brief  summary  is  as  follows: 

1.  Snake  River  loses  flow  in  its  alluvial  fan  reach  below 
Heise  to  both  the  regional  and  perched  aquifers. 

2.  Teton  River  in  its  lower  reaches  and  Henrys  Fork  below 
St.  Anthony  are  above  the  regional  water  table  and  lose 
water  to  it,  but  receive  inflow  from  perched  aquifers. 

3.  Snake  River  for  several  miles  downstream  from  its 
junction  with  Henrys  Fork  near  Menan  Buttes  is  at  about  the 
same  level  as  the  regional  water  table.  The  river  may 
alternately  gain  or  lose  in  this  reach  depending  on  river 
stage  and  other  factors.  There  are  no  perched  aquifers 

on  the  north  side  of  the  river  but  there  may  be  some  on  the 
south  side. 
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4.  From  near  Roberts  to  a point  a few  miles  downstream  from 
Blackfoot,  the  Snake  River  is  above  the  regional  water  table 
and  loses  water  to  it.  However,  the  river  may  receive  inflow 
from  local  perched  aquifers  at  some  places  in  this  reach. 

5.  From  the  point  a few  miles  downstream  from  Blackfoot  to 
the  upper  end  of  Lake  Walcott,  the  Snake  River  receives  inflow 
from  both  regional  and  perched  aquifers.  Large  quantities  of 
ground  water  are  discharged  in  this  reach. 

6.  From  Lake  Walcott  to  about  Twin  Falls,  the  river  is  above 
the  regional  water  table  and  loses  water  to  it  but  receives 
inflow  from  perched  aquifers  in  the  vicinity  of  Rupert  and 
Burley. 

7.  From  about  Twin  Falls  to  the  lower  end  of  the  subregion, 
the  river  is  below  the  regional  and  perched  aquifers.  Large 
quantities  of  ground  water  are  discharged  to  the  river  in 
this  reach. 


SUBREGION  5,  CENTRAL  SNAKE 


HYDROLOGIC  FRAMEWORK 


Subregion  5 consists  of  the  Snake  River  drainage  from  below 
Oxbow  Dam  upstream  to  King  Hill,  Idaho.  This  includes  the  entire 
lower  section  of  the  Snake  River  Plateau.  The  area  totals  36,825 
square  miles,  with  266  square  miles  of  water  and  36,559  square  miles 
of  land.  It  is  located  in  the  southwestern  portion  of  Idaho,  in 
the  eastern  part  of  Oregon,  and  in  a small  part  of  northern  Nevada. 
Figure  1 shows  the  subregion  boundaries,  stream  patterns,  state 
and  county  lines,  and  other  pertinent  features. 

The  subregion  lies  almost  entirely  within  the  Snake  River 
Plateau  physiographic  province;  moreover,  it  coincides  almost  ex- 
actly with  the  "Payette  section"--the  downstream  half  of  the  Snake 
River  Plateau.  The  Payette  section  is  underlain  by  old  lava  flows 
which  have  been  covered  by  extensive  lakebed,  alluvial,  and  wind- 
blown deposits.  These  deposits  are  naturally  covered  by  sagebrush 
and  grass,  and  large  areas  have  been  made  highly  productive  by 
irrigation.  This  subregion  also  includes  small  portions  of  the 
Northern  Rocky  Mountains,  Blue  Mountains,  and  Basin  and  Range 
physiographic  provinces. 

Inflow  from  other  areas  consists  of  the  discharge  of  the 
Snake  River  at  King  Hill,  and  possibly  minor  ground-water  flow  from 
other  areas.  This  inflow  is  primarily  ground-water  effluent  from 
the  Thousand  Springs  area,  augmented  at  times  by  sizable  uncon- 
trolled floodflows.  To  this  inflow  is  added  the  discharge  from 
several  major  tributaries  as  the  Snake  River  traverses  Subregion  5 
to  its  downstream  boundary  below  Oxbow  Dam. 

After  its  entry  into  Subregion  5,  the  Snake  River  remains 
entrenched  in  a fairly  deep  canyon  (interspersed  occasionally  with 
wider  valleys)  for  over  100  miles  as  it  travels  westward  from  King 
Hill.  In  this  upper  area,  only  a small  amount  of  easily  accessible 
land  along  the  river  had  been  developed  until  recently  when  high- 
lift  pumps  have  delivered  irrigation  water  to  some  lands  on  the 
plateaus  south  of  the  river.  After  receiving  the  contribution  of 
the  Bruneau  River,  the  Snake  River  turns  gradually  northward  and 
emerges  from  the  canyon  near  Marsing,  Idaho.  Near  Adrian,  Oregon, 
about  30  miles  northwest  from  the  canyon  mouth,  the  Snake  River 
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becomes  the  Idaho-Oregon  border,  and,  as  such,  winds  its  way  for 
about  100  miles  northward  through  highly  developed  farmland.  In 
this  reach  the  Boise,  Payette,  and  Weiser  Rivers  join  the  Snake 
from  the  east;  and  the  Owyhee  and  Malheur  Rivers  enter  from  the 
west  and  southwest.  In  the  vicinity  of  Huntington,  Oregon,  the 
river  enters  the  noted  deep  Hells  Canyon  which  the  river  has 
carved  into  Columbia  River  basalts  and  underlying  rock.  The  Burnt 
and  Powder  Rivers,  entering  from  the  west  in  the  upper  part  of 
this  canyon  reach,  are  the  last  major  tributaries  to  the  Snake  in 
Subregion  5. 

Runoff  from  within  the  subregion  is  generated  principally 
from  snowmelt  in  the  high  mountains  during  the  spring  and  early 
summer  months.  The  tributary  streams  east  of  the  Snake  River  pro- 
vide the  major  runoff  volumes  within  the  subregion  due  to  the 
larger  amount  of  mountainous  terrain  and  greater  snow  accumulation 
in  their  drainage  basins. 

Water  is  used  primarily  for  irrigation,  though  considerable 
amounts  are  employed  for  hydroelectric  power  generation  and  lesser 
quantities  for  municipal  and  industrial  purposes  and  recreation. 

Irrigated  agriculture  began  almost  a century  ago  in  the  subregion, 
and  development  has  continued  since  that  time. 

CLIMATE 

In  general,  the  climate  of  the  Central  Snake  Subregion  is 
characterized  by  dry,  hot  summers  and  by  cold  winters  during  which 
most  of  the  annual  precipitation  occurs.  A wide  range  in  eleva- 
tions (from  2,000  to  10,000  feet),  however,  contributes  to  consid- 
erable variation  in  the  climate  at  individual  locations. 

I 

Detailed  discussions  of  precipitation,  temperature,  wind,  J 

evaporation,  humidity,  and  sunshine  are  contained  in  the  follow- 
ing sections. 


Precipitation 

Precipitation  ranges  from  8 inches  or  less  per  year  along 
the  Snake  River  in  southwestern  Idaho  to  more  than  60  inches  on 
the  Deadwood  River  Divide  in  Valley  County,  Idaho,  and  up  to  V| 
inches  on  the  high  peaks  of  the  Wallowa  Mountains  in  eastern  'ice  : 
All  portions  of  the  subregion  show  a pronounced  reduction  in  ,m  r- 
age  monthly  precipitation  during  .July  and  August.  In  these  2 
months,  most  of  the  lower  valleys  receive  less  than  1/1  inch  of 
precipitation  per  month  and  only  the  higher  level  stations  receive 
more  than  1/2  inch.  In  winter  and  spring,  monthly  totals  average 
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between  1 and  1-1/2  inches  at  most  lower  elevation  stations  and 
from  2 to  more  than  4 inches  at  higher  levels.  Table  169  lists 
the  average  monthly  and  annual  precipitation  for  several  stations 
throughout  the  area. 

Figure  307  is  an  isohyetal  map  of  mean  annual  precipitation 
prepared  by  the  Weather  Bureau  River  Forecast  Center,  Portland, 
Oregon,  using  climatological  data  (1930-57)  and  information  derived 
from  correlations  with  physiographic  factors. 

Snowfall  amounts  vary  widely  within  Subregion  5.  Some  areas 
in  the  lower  Boise,  Payette,  and  Malheur  Valleys  receive  an  average 
of  less  than  20  inches  per  year  and  often  have  only  intermittent 
snow  cover  during  the  winter.  Valley  stations  at  high  elevations, 
on  the  other  hand,  average  from  100  to  nearly  200  inches.  More 
than  24  inches  of  accumulated  snow  is  almost  a certainty  each  winter 
at  elevated  stations  such  as  the  town  of  McCall  and  Deadwood  Dam, 
high  in  the  Payette  River  drainage;  but  an  accumulation  of  this 
magnitude  has  never  been  recorded  in  the  lower  Boise,  Payette,  and 
Malheur  Valleys.  In  fact,  a depth  of  6 inches  is  probable  in  only 
about  1 year  in  10  at  these  lower  elevations.  Snow  course  observa- 
tions have  been  made  for  a period  of  over  25  years  in  the  headwaters 


fable  169.  Average  Monthly  and  Annual  Precipitation  (Inches),  Central  Snake  Subregion,  1931 -*60 


station 

1 lev . 

Jan. 

Feb. 

Mar. 

May 

June 

July 

t . 

\'OV . 

Dec . 

Annua  1 

IDAHO 

Boise  WB  AP 

2841 

1.32 

1 . 33 

1.32 

1 . 16 

1.29 

.89 

.21 

. 16 

.39 

.84 

1 .20 

1 . 32 

11.43 

Idaho  City 

3965 

3.41 

3.20 

2.57 

1 . 68 

1.86 

1.38 

. 34 

. 29 

.5“  1 

62 

2.64 

3.63 

23.  19 

l.owman  1/ 

3890 

3.38 

2.85 

2 . 30 

1.72 

1.87 

1 . 39 

.49 

.50 

1.01  1 

78 

3.16 

3 . 59 

24.04 

McCall 

5025 

3.62 

3.  15 

2.75 

1.87 

2 . 35 

2.07 

.61 

1.19  2 

28 

2. "8 

3.53 

26.75 

Mountain  Home  1 S| 

3 1 80 

1.04 

.87 

l.  10 

.84 

1.02 

.73 

24 

. 15 

. 30 

.65 

.93 

.91 

8.78 

Three  Creek  1/ 

5420 

1.11 

.89 

1 . 22 

1.38 

2.19 

1.53 

.39 

.44 

.71  l 

.13 

1.01 

1.03 

13.03 

Reiser  2 Si. 

2120 

1.70 

1.45 

1.11 

.90 

.99 

.82 

. 1 1 

. 22 

. 39 

.86 

1 . 28 

1.48 

11.31 

M VApA 

Owyhee 

5396 

1.42 

1.17 

1.30 

1 . 30 

1.79 

1 . 19 

. 35 

. 26 

.4  • 1 

1.07 

1 . 35 

12. 72 

onrr;o\ 

Baker  KBKR 

3444 

.98 

.88 

1 .05 

.87 

1.44 

1.41 

. 48 

. 38 

.60 

82 

1.00 

1 . 06 

10.97 

Cornucopia  1/ 

4700 

7.29 

5.55 

4.55 

3.12 

2.83 

2.  19 

.65 

.89 

1.61 

96 

5.93 

6 . 86 

44 . 43 

Danner 

4397 

1.21 

1 .07 

1.03 

. 99 

1 . 36 

1 . 06 

. 29 

.15 

.61 

90 

1.05 

1 . 32 

11.04 

Owyhee  Dam  1/ 

2400 

.92 

. 90 

.81 

.69 

1.21 

.84 

. 19 

. 23 

.49 

66 

.79 

.91 

8.64 

Unity  1/ 

4031 

1.06 

.95 

.78 

. 62 

1.38 

1.24 

.55 

. 42 

.69 

78 

.97 

1.25 

10.69 

Vale 

2240 

1.09 

.98 

.81 

.68 

I 

.80 

.17 

. 24 

.46 

.77 

. 85 

1 . 00 

8 . HR 

harm  Springs  Res. 

3336 

1 .06 

.89 

.65 

.88 

1.04 

.31 

.21 

.43 

66 

. 68 

. 95 

8.33 

: • • norma 
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of  the  Boise  and  Payette  Rivers  at  elevations  of  7,000  to  7,500 
feet.  These  observations  show  an  average  snow  depth  of  100  inches 
or  greater,  with  water  content  of  38  or  39  percent  on  April  1. 


Temperature 

Temperatures  vary  considerably  from  summer  to  winter,  and 
from  low  to  high  elevations.  Nearly  all  lower  elevation  stations 
have  recorded  a temperature  in  excess  of  110°F.  during  their 
period  of  record  as  well  as  a minimum  of  -20°F.  or  lower,  with 
many  as  low  as  -30°F.  At  higher  elevations,  around  5,000  feet, 
extremes  of  about  100°F.  and  -40°  to  -50°F.  have  been  recorded. 

Mean  annual  temperatures  are  about  38°  to  40°F.  at  higher  eleva- 
tions and  50°  to  52°F.  in  the  valleys  along  the  Snake  River. 

Average  and  extreme  temperatures  for  several  stations  are  shown  on 
table  170. 

The  average  number  of  days  per  year  with  maximum  tempera- 
tures of  90°F.  or  higher  ranges  from  five  or  less  at  high  elevation 
stations  to  50  or  60  in  the  principal  agricultural  areas  and  70  or 
more  at  a few  points  along  the  Snake  River.  Minimum  temperatures 
of  32°F.  or  lower  occur  on  an  average  of  140  to  150  days  through 
the  broad,  agricultural  valleys  below  3,000  feet  and  on  more  than 
200  days  in  the  high  valleys.  The  average  number  of  days  with  a 
minimum  temperature  of  0°F.  or  lower  ranges  from  two  or  three  in 
the  lower  Boise,  Payette,  and  Malheur  Valleys  to  20  or  30  at 
valley  stations  above  5,000  feet. 

A large  daily  temperature  range  occurs  during  the  summer, 
which  reflects  the  dry  air  and  the  general  absence  of  cloudiness. 

In  July,  the  difference  between  the  average  daily  maximum  temper- 
ature and  the  average  daily  minimum  is  from  30  to  40  degrees.  In 
the  winter  the  daily  range  is  considerably  smaller,  ranging  from 
15  to  about  25  degrees. 

The  growing  season,  based  on  the  average  dates  of  last 
32°F.  minimum  temperature  in  spring  and  first  32°F.  in  fall, 
ranges  from  140  to  150  days  in  the  principal  low  elevation  crop- 
land areas  of  the  region  to  less  than  60  in  the  higher  valleys. 

In  general,  the  growing  season  for  the  28°F.  temperature  level  is 
25  to  40  days  longer  than  at  32°F. 


Table  170.  Average  and  Extreme  Temperatures  (°F)  Central  Snake  Subregion 


Station 

Data 

Jan. 

1 eb . 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept  . 

Oct. 

Nov . 

Dec. 

Annua  2 

10  A110 

Boise  WB  AP 

Av.  Max. 

36.0 

43.2 

51.3 

62.0 

70.4 

77.8 

90.3 

87.5 

77.6 

65.1 

48.2 

39.4 

6J  .4 

21-yr. 

Av.  Min. 

20.7 

26.5 

30. 5 

37. 1 

44.2 

50.5 

58.6 

56.3 

48.5 

39.8 

29.8 

24.9 

39.0 

Mean 

29.1 

34.5 

41.7 

50.4 

58.2 

65.8 

75.2 

72.1 

62.7 

51.6 

38.6 

32.2 

51.0 

Highest 

63 

67 

7b 

92 

95 

109 

111 

105 

102 

88 

73 

62 

111 

Lowest 

-17 

-10 

10 

20 

27 

34 

41 

38 

27 

20 

-3 

-1 

-17 

Idaho  City 

Av.  Max. 

35.6 

40.8 

48.7 

61.1 

70.6 

77.7 

89.9 

88.3 

79.7 

66 . 6 

47.8 

38.4 

b’.i 

29-yr. 

Av.  Min. 

10.1 

13.8 

18.6 

27.3 

33.9 

39.1 

43.9 

41.2 

34.6 

28.7 

21.1 

15.5 

27.3 

Mean 

22.9 

27.3 

34.2 

44.2 

52.2 

58.4 

66.9 

64.8 

57.1 

47.5 

34.5 

27.0 

44.8 

Highest 

56 

64 

75 

88 

95 

106 

109 

10r 

100 

91 

75 

64 

109 

Lowest 

-38 

-35 

-20 

-8 

17 

24 

26 

^4 

11 

9 

-17 

- 25 

-38 

Mountain  Home 

1SE 

Av . Max . 

37.4 

43.7 

53.7 

64.3 

73.0 

81.1 

92.1 

89.9 

78.1 

67.4 

50.7 

39.8 

64.3 

S2-yr . 

Av . Min. 

18.2 

23.3 

27.0 

33.4 

40.0 

46.5 

53.o 

50.3 

41.7 

33.9 

25.8 

20.5 

34.5 

Mean 

28.3 

33.2 

40.4 

49.6 

57.4 

64.4 

73.7 

71.1 

62.2 

51.9 

38.7 

31.9 

50.2 

Highest 

66 

72 

77 

94 

102 

106 

110 

106 

107 

93 

76 

67 

no 

Lowest 

-29 

-34 

5 

1 

15 

30 

29 

26 

9 

7 

-10 

-36 

-36 

•Three  Creek 

Av.  Max. 

39.0 

42.4 

46.7 

58.6 

65.7 

73.6 

87.4 

85.8 

76.2 

63.9 

50.2 

42.3 

61.0 

14-yr. 

Av.  Min. 

11.2 

16. 1 

19.8 

26.4 

32.3 

36.5 

42.1 

38.8 

32.2 

26.6 

19.8 

14.5 

26.4 

Mean 

25.0 

29.3 

33.3 

42.6 

49.0 

55.1 

64.7 

62.3 

54.1 

45.1 

34.9 

28.5 

43.7 

Highest 

63 

64 

70 

83 

90 

98 

103 

103 

99 

88 

72 

66 

103 

Lowest 

-33 

-30 

-14 

8 

12 

18 

22 

18 

8 

1 

-20 

-23 

-33 

Weiser  2SE 

Av . Max . 

35.2 

43.6 

S5.7 

67.1 

76.4 

84.6 

95.6 

93.2 

00 

ro 

o 

68.4 

50.3 

38.6 

65.9 

48-yr . 

Av.  Min. 

17.7 

23.8 

30.5 

36.9 

43.6 

50.2 

56.4 

55.5 

44. 1 

35.3 

27.0 

21.4 

36.7 

Mean 

27.5 

33 . 3 

42.8 

52.1 

60.1 

66.8 

75.4 

72.5 

63.1 

52.0 

38.5 

31.6 

51.3 

Highest 

65 

67 

79 

93 

104 

110 

115 

110 

107 

97 

73 

64 

115 

Lowest 

-27 

-20 

0 

16 

23 

28 

36 

52 

18 

11 

_ 2 

-28 

-28 

OREGON 

Baker  KBKR 

Av.  Max. 

33.1 

38.4 

46.8 

57.0 

65.0 

72.1 

81.9 

81.0 

71.5 

62.1 

45.7 

37.5 

57.7 

69-yr. 

Av.  Min. 

17.3 

22.0 

27.4 

33.1 

39.2 

45. 1 

50.1 

48.6 

41.3 

35.2 

26.9 

21.9 

34.0 

Mean 

25.6 

30.3 

37.5 

45.8 

53.1 

59.0 

67 . 8 

65.7 

58.5 

48.6 

36.2 

29.6 

46.5 

Highest 

55 

62 

77 

85 

95 

99 

104 

101 

99 

86 

66 

60 

104 

Lowest 

-23 

-25 

-12 

7 

19 

27 

33 

31 

16 

12 

-16 

-17 

-25 

Vale 

Av.  Max. 

36.3 

43.0 

55.0 

66.0 

74.2 

82.1 

92.4 

90.1 

79.4 

66.8 

49.8 

38.7 

64.5 

63-yr. 

Av.  Min. 

17.4 

22.4 

28.8 

34.3 

41.4 

47.8 

53.4 

50.7 

41.2 

32.6 

25.0 

20.4 

34 . 6 

Mean 

27.3 

33.3 

42.0 

50.9 

58.8 

65.4 

74.2 

70.9 

61.3 

50.7 

37.5 

31.5 

50.3 

Highest 

80 

66 

82 

93 

101 

111 

110 

110 

101 

94 

75 

72 

111 

Lowest 

-26 

-20 

-8 

14 

20 

20 

33 

30 

9 

9 

-10 

-39 

-39 

Warm  Springs 

Res. 

Av . Max . 

36.4 

42.7 

52.8 

64.0 

72.2 

79.8 

92.1 

89.8 

80.9 

67.5 

50.0 

40.3 

64.0 

28-yr. 

Av.  Min. 

16.3 

21.2 

27.2 

33.2 

40. 1 

46.3 

53.3 

50.9 

43.0 

34.1 

25.0 

21.6 

34.4 

Mean 

26.3 

32.0 

40.0 

48.6 

56.2 

63.0 

72.7 

70.4 

62.0 

50.8 

37.5 

31.1 

49.2 

Highest 

61 

69 

78 

88 

98 

104 

109 

105 

105 

88 

72 

65 

109 

Lowest 

-36 

-54 

1 

11 

17 

30 

34 

30 

20 

8 

-15 

-19 

-36 

Danner 

Av.  Max. 

37.7 

42.6 

51.3 

62.4 

70.8 

78.2 

90.9 

89.4 

80.3 

67.3 

51.1 

41.5 

63.6 

29-yr. 

Av . Min. 

13.5 

18.7 

24.2 

29.7 

36.2 

42.0 

47.3 

43.8 

35.5 

28.7 

21.3 

18.2 

29.9 

Mean 

25.7 

30.7 

37.7 

46.0 

53.5 

60.1 

69.  1 

66 . 5 

57.9 

48.0 

36. 2 

29.8 

46.8 

Highest 

62 

69 

78 

87 

99 

106 

109 

105 

104 

93 

86 

67 

109 

Lowest 

-44 

-46 

-11 

10 

15 

23 

29 

25 

10 

0 

-23 

-34 

-46 

NEVADA 

Owyhee  1/ 

Av.  Max. 

37.2 

40.6 

46.7 

56.7 

65.7 

74.5 

85.9 

85.7 

74.4 

62.9 

50.2 

41.5 

60.0 

22-yr. 

Av.  Min. 

15.1 

19.2 

23.8 

30.6 

37.2 

42.0 

50.4 

47.6 

39.3 

32.5 

24.0 

18.7 

31.7 

Mean 

26.  1 

29.9 

35.3 

43.6 

51.4 

58.4 

68.2 

65 . 6 

56.8 

47.7 

37.1 

30.  1 

45.9 

Highest 

67 

73 

76 

85 

95 

103 

106 

108 

96 

92 

82 

70 

108 

Lowest 

-35 

-28 

-14 

-1 

14 

22 

25 

24 

11 

0 

-10 

-32 

-35 

1/Note:  The  mean  temperature  is  for  the  normal  period  1931-60;  other  data  are  for  the  period  of  record. 

•The  mean  temperature  is  for  the  period  of  record. 


Wind 


Analysis  of  hourly  wind  observations  for  a period  of  more 
than  15  years  at  the  Boise  Municipal  Airport  reveals  that  on  an 
annual  basis  the  wind  is  from  the  east-southeast  to  south-southeast 
38  percent  of  the  time,  with  an  average  speed  of  10.4  miles  per 
hour.  During  another  34  percent  of  the  time,  the  wind  is  from  the 
west-northwest  with  an  average  speed  of  9.0  miles  per  hour.  At 
the  Mountain  Home  Air  Force  Base  the  winds  are  from  east  to  south- 
east 28  percent  of  the  time,  with  an  average  speed  of  9.5  miles 
per  hour,  and  from  west  to  northwest  33  percent  of  the  time  with 
an  average  speed  of  10.8  miles  per  hour.  At  both  Boise  and  Mountain 
Home,  the  southeasterly  winds  are  predominant  in  the  winter,  and 
the  northwesterly  winds  are  predominant  in  the  summer.  Speeds  of 
25  miles  per  hour  or  more  occur  less  than  1 percent  of  the  time  at 
Boise  and  less  than  2 percent  of  the  time  at  Mountain  Home. 


Evaporation 

Pan  evaporation  is  estimated  at  50  to  55  inches  per  year 
in  the  lower  valleys  and  40  to  45  inches  at  higher  elevations. 
Evaporation  from  lakes  and  reservoirs  ranges  from  30  -to  40  inches 
per  year.  About  80  percent  of  the  annual  evaporation  occurs  in 
the  months  of  May  through  October. 

Potential  evapotranspiration  ranges  from  less  than  20  inches 
per  year  in  the  higher  valleys  to  25  to  30  inches  in  the  main  agri- 
cultural areas.  Actual  evapotranspiration  from  nonirrigated  soils 
is  limited  by  the  amount  of  precipitation,  but  averages  6 to  10 
inches  per  year  from  soils  with  available  water-holding  capacity 
of  2 inches  and  10  to  15  inches  per  year  from  soils  with  available 
water-holding  capacity  of  6 inches. 


Humidity 


Relative  humidity  records  are  not  available  for  the  moun- 
tains and  high  valleys,  but  data  for  the  Mountain  Home  Air  Force 

Base  and  the  Boise  Municipal  Airport  are  fairly  typical  of  the 

lower  valley  areas.  In  July  the  average  relative  humidity  is  only 

30  percent  at  the  Mountain  Home  station  and  37  percent  at  Boise 
(reflecting  the  proximity  to  irrigated  croplands);  and  in  December 
the  averages  are  76  and  80  percent,  respectively.  There  is  a daily 
variation  in  humidity  which  is  the  inverse  of  the  daily  temperature 
variation.  At  the  Boise  Municipal  Airport,  for  example,  during 
July  the  early  morning  relative  humidity  averages  53  percent,  while 
the  late  afternoon  humidity  averages  22  percent.  In  December,  the 
daily  range  is  small,  the  5 a.m.  average  being  84  percent  and  the 
5 p.m.  average  75  percent. 
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Sunshine 

Records  of  cloudiness  are  limited;  but  a summary  of  27 
years  of  hourly  observations  at  the  Boise  Municipal  Airport  shows 
an  average  of  124  clear  days,  91  partly  cloudy  days,  and  150  cloudy 
days  per  year.  The  difference  between  summer  and  winter  is  strik- 
ing: July  has  an  average  of  22  days  clear,  7 days  partly  cloudy, 
and  only  2 days  cloudy;  while  December  and  January  have  averages 
of  5 clear,  5 partly  cloudy,  and  21  cloudy  days.  In  the  mountain 
areas,  although  records  are  not  available,  the  average  cloudiness 
is  undoubtedly  greater.  The  reverse  would  also  apply  in  areas 
farther  from  the  mountains  than  Boise,  where  the  average  cloudi- 
ness would  be  less. 

Sunshine  records  at  Boise  show  an  average  of  67  percent  of 
possible  sunshine  during  a year.  Monthly  amounts  range  from  40 
percent  (3.6  hours  per  day)  in  December  to  89  percent  (13.4  hours 
per  day)  in  July. 

SURFACE  WATER 

Streamflows  which  are  generated  within  the  Central  Snake 
Subregion  originate  principally  in  the  eight  major  tributary  basins 
which  feed  the  Snake  River.  These  tributaries  are  the  Bruneau, 
Owyhee,  Boise,  Malheur,  Payette,  Weiscr,  Burnt,  and  Powder  Rivers. 
Storage  reservoirs  in  all  the  major  drainages,  except  for  the 
Bruneau  River,  influence  to  varying  degrees  the  normal  pattern  of 
discharge  in  the  streams. 

The  sequence  of  flows  discharged  from  the  subregion  is 
largely  controlled  through  the  operation  of  Brownlee  Reservoir  on 
the  Snake  River,  which  has  approximately  1 million  acre- feet  of 
active  storage  capacity.  During  months  when  a sizable  portion  of 
the  inflow  to  this  reservoir  is  stored,  the  resulting  total  flow 
leaving  the  subregion,  when  compared  with  the  upstream  inflow  at 
King  Hill,  appears  to  indicate  a negative  contribution  from 
Subregion  5.  The  reverse  is  also  true  during  the  period  when  stor- 
age is  released  from  Brownlee  and  an  apparently  larger  than  normal 
contribution  from  the  subregion  is  indicated.  Average  annual  dis- 
charges, however,  give  a true  representation  of  the  surface  runoff 
for  the  area. 


Quant i tv 

Average  annual  discharge  from  upstream  areas  (Subregion  4) 
into  Subregion  5 at  King  Hill  is  8,590  cfs;  discharge  from 
Subregion  5 at  its  downstream  edge  below  Oxbow  Dam  is  16,338  cfs. 
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This  shows  an  increase  of  7,748  cfs  (5.6  million  acre-feet 
per  year)  within  the  subregion.  Subregion  5,  therefore,  contri- 
butes almost  as  much  to  the  Snake  River  flow  below  Oxbow  as  do  the 
headwater  areas  in  Subregion  4.  However,  at  0.21  cfs  per  square 
mile,  this  is  the  next  lowest  rate  of  all  subregions. 

Present  Utilization 

Estimates  were  recently  made  of  the  amount  of  water  used 
for  various  purposes  in  Subregion  5 during  1965.  (115-8)  These 
data  show  that,  with  an  average  withdrawal  for  consumptive  uses  of 
8,410  cfs,  approximately  97  percent  was  for  irrigation.  The  small 
remaining  withdrawals  were  made  primarily  for  self-supplied  indus- 
trial uses  and  for  rural  and  public  supplies.  Actual  consumption 
of  water  was  estimated  to  average  3,240  cfs  over  the  year. 

In  addition  to  the  above  consumptive  uses,  there  also  was 
a moderate  amount  of  water  used  for  nonconsumptive  hydroelectric 
power  generation.  Other  nonconsumptive  uses  include:  (1)  fishing, 
boating,  and  other  recreation  on  most  streams,  lakes,  and  reser- 
voirs, and  (2)  the  dilution  and  transport  of  waste  materials,  both 
municipal  and  industrial. 

Stream  Management 

The  major  purposes  for  management  of  streamflow  in  the  sub- 
region  are  irrigation,  flood  control,  and  power  production.  In 
the  tributary  basins,  the  emphasis  is  almost  entirely  on  either 
irrigation  or  a combination  of  irrigation  and  flood  control,  with 
some  power  production  on  the  Boise  and  Payette  Rivers.  Daily  flows 
of  the  Snake  River  are  modified  slightly  by  power  operation  at  run- 
of-the-river  plants;  but  the  only  significant  control  of  the  Snake 
' River  in  the  subregion  is  at  Brownlee  Reservoir,  which  is  operated 

for  power  production  and  flood  control. 

I* 

Impoundments  Table  171  lists  the  reservoirs  in  Subregion  5 
having  capacities  greater  than  5,000  acre-feet.  A few  of  these 
impoundments  are  operated  singly  to  serve  a specific  area  or  func- 
tion. The  majority,  however,  are  coordinated  in  some  manner  with 
one  or  more  other  reservoirs  to  effect  a combined  benefit  within 
an  individual  drainage  basin.  Irrigated  lands  for  the  most  part 
are  located  along  the  tributary  streams,  and  coordinated  operation 
between  river  basins  is  not  required. 
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As  indicated  in  table  171,  several  reservoirs  are  operated 
for  flood  control  in  addition  to  other  functions.  Filling  of  these 
reservoirs  during  the  spring  runoff  period  is  controlled  to  provide 
reduction  of  the  peak  flood  discharges  and,  at  the  same  time,  to 
obtain  the  maximum  storage  supply  for  irrigation  and  other  func- 
tions. Ownership  and  management  of  the  reservoirs  are  scattered 
among  several  private,  public,  and  Federal  entities.  Flood  control 
operations,  however,  are  coordinated  by  the  river  control  officers 
of  the  Corps  of  Engineers  and  Bureau  of  Reclamation. 

Diversions  Large  amounts  of  water  are  diverted  for  irriga- 
tion from  all  the  major  tributaries  in  the  subregion  and,  to  some 
extent,  from  the  Snake  River  as  well.  Most  of  these  diversions 
have  been  made  by  gravity  methods  through  extensive  canal  systems, 
although  water  used  from  the  Snake  River  has  required  pumping  to 
lift  it  to  the  elevation  of  the  irrigable  lands.  Extensive  areas 
of  land  are  irrigated  in  both  Idaho  and  Oregon,  and  a small  amount 
is  irrigated  in  Nevada. 

Channel  Modification  Levees  and  other  channel  improvements 
have  been  constructed  in  local  areas  along  some  streams.  The  prob- 
lem areas  have  not  been  widespread,  however,  and  the  improvements 
are  not  extensive.  Boise  and  Payette  Rivers  have  a number  of  local 
levees.  One  recent  improvement  has  been  the  construction  of  levees 
for  a short  distance  along  the  lower  end  of  Bully  Creek  and  along 
the  Malheur  River  at  Vale,  Oregon.  In  other  areas,  channel  clear- 
ing and  emergency  flood  protection  works  have  been  performed,  but 
the  benefits  from  this  work  are  not  permanent. 

Forecasting  Forecasts  of  seasonal  runoff  are  used  primari- 
ly for  the  scheduling  of  flood  control  operations  in  storage 
reservoirs.  Since  the  runoff  within  the  subregion  is  generated 
principally  from  snowmelt,  the  anticipated  seasonal  volume  in  the 
different  river  basins  can  be  forecast  with  reasonable  accuracy. 

The  scheduling  of  storage  in  the  reservoirs  (or  if  necessary  the 
evacuation  of  space)  is  then  determined  according  to  criteria 
established  for  the  individual  streams.  Storage  space  made  avail- 
able for  flood  control  is  also  used  for  other  purposes;  therefore, 
a prime  consideration  is  to  operate  the  reservoirs  during  the  peak 
runoff  period  in  such  a manner  that  the  storage  space  will  be  full 
when  the  flood  threats  hive  passed. 
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Table  171  - Reservoirs  With  a Capacity  Greater  Than  5,000  Acre-Feet,  Subregion  5 


Total 

Active 

Surface 

Name 

Stream 

Storage 

Storage 

Area 

Purpose— ^ 

(ac-ft) 

(ac-ft) 

(acres) 

IDAHO 

Anderson  Ranch 

S.  F.  Boise  R. 

493,200 

464,200 

4,780 

F1P 

Arrowrock 

Boise  R. 

286,600 

286,600 

3,050 

I 

Black  Canyon 

Payette  R. 

44,100 

1,100 

1,045 

IP 

Brownlee 

Snake  R. 

1,426,700 

980,250 

15,100 

FP 

C.  Ben  Ross 

Little  h'eiser  R ' 

7,800 

7,600 

353 

1 

C.  J.  Strike 

Snake  R. 

250,000 

84,000 

7,500 

P 

Cascade 
Crane  Cr. 

N.  F.  Payette  R. 
Crane  Cr. 

703,200.,  . 
60, 000=-' 

653, 2OO2 / 
60,000=-' 

28,300  . 
3 , 300^/ 

FI 

I 

Deadwood 

Deadwood  R. 

164,000 

161,900 

3,000 

CIP 

Hubbard 
Lake  Fork 

Boise  R.i/ 

7,500 

7,500 

- 

l 

Lake  F.  Payette  R. 

16,950 

16,950 

1,500 

I 

Lake  Lowell 

Boise  R.i/ 

190,100 

169,000 

9,835 

1 

Little  Camas 

Little  Camas  Cr. 

22,500 

22,300 

1,250 

I 

Lost  Valley 

Lost  Cr. 

10,000 

10,000 

730 

1 

Lucky  Peak 

Boise  R. 

307,000 

279,000 

2,810 

FIR 

Mountain  Home 

Rattlesnake  Cr. 

5,600 

5,600 

- 

I 

Oxbow 

Snake  R. 

57 , 500.“/ 

5,000 U 

- 

P 

Paddock  Valley  Little  Willow  Cr.  32,000l/  32*000 U 1,500 U 1 

Payette  Lake  N.  F.  Payette  R.  35,000.2/  27,700-^/  5,000  1 

Pleasant  Valley  Blacks  Cr.  7,900  7,900  403  I 

Spangler  ' Mann  Cr.  13,000  11,000,,  280  CFIR 

Swan  Falls  Snake  R.  - 6,900.“/  - P 

NEVADA 


Wild  Horse 

E.  F.  Owyhee  R. 

71,680 

71 ,660 

2,930 

I 

Wilson  River 

S.  F.  Owvhee  R. 

10,470 

9,000 

827 

IRCF 

Chimney  Creek 

S . F . Owyhee  R . 

9,950 

9 ,000 

540 

IC 

OREGON 

Agency  Valley 

N.  F.  Malheur  R. 

60,000 

60,000 

1 ,900 

I 

Antelope 

Jordan  Cr.J J 

55,000 

55,000 

- 

I 

Bully  Cr. 

Bullv  Cr. 

31 ,600 

30,200 

980 

CFIR 

Cow  Lake 

Cow  Cr. 

5,000!/ 

- 

- 

1 

Love 

Willow  Springs  Cr. 

6,000 

- 

- 

I 

Mason 

Powder  R. 

100,000 

95,000 

2,480 

CFIR 

Uwyhee 

Owyhee  R. 

1,120,000 

715,000 

13,900 

1 

Thief  Valley 

Powder  R. 

17,570 

17,400 

750 

I 

Unity 

Burnt  R . 

25,820 

25,220 

930 

I 

Warm  Springs 
Willow  Creek 

Malheur  R. 

192,400 

191,000 

4,600 

I 

No.  3 

Willow  Cr. 

49,000 

20,400 

1,240 

I 

\J  Offstreara. 

2/  About . 

3/  P-power,  F-flood  control,  R-recreation , 1-irrigation,  C-fish  and  wildlife  conservation. 
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Constraints  Flows  in  the  main  stem  of  the  Snake  River  in 
Subregion  5 have  not  yet  been  fully  utilized.  Therefore,  limiting 
criteria  over  the  physical  operation  of  the  stream  have  not  been 
developed,  except  for  minimum  flow  requirements  below  Brownlee  and 
Oxbow  Dams.  Quality  control  standards  have  been  adopted,  however, 
which  limit  the  level  of  pollution  which  will  ne  tolerated  in  the 
river. 


Constraints  exercised  over  tributary  streams,  on  the  other 
hand,  are  much  in  evidence.  Irrigation  shortages  are  experienced 
on  many  of  these  streams  during  dry  years;  these  shortages  have 
led  to  court  decrees  and  priority  use  of  the  water.  In  some  streams, 
only  the  required  minimum  flows  are  available  in  the  stream  channel 
during  certain  periods. 

Water  Rights 


Each  of  the  three  states  (Idaho,  Nevada,  and  Oregon)  which 
has  lands  within  Subregion  5 subscribes  to  the  water-right  doctrine 
of  prior  appropriation  for  beneficial  use.  Determination  of  rights 
and  the  regulation  of  streamflow  are  therefore  quite  similar  through- 
out the  area. 


Idaho  On  the  Snake  River  main  stem  in  Idaho,  there  are 
only  a few  adjudicated  rights.  Extensive  use  is  made,  however,  of 
water  for  power  and  irrigation  purposes  under  permits  and  licenses. 

At  present,  no  known  water  shortages  nor  conflicts  exist 
between  water-right  holders  on  the  main  stem,  although  some  have 
expressed  concern  over  the  changing  flow  regimen  caused  by  power 
releases  and  forebay  storage  for  peaking.  There  presently  appears 
to  be  unappropriated  Snake  River  water  available  for  use.  How- 
ever, pending  applications  and  proposed  projects  are  expected  to 
bring  future  conflicts  resulting  in  a need  for  adjudication  of 
rights  and  supervision  of  uses.  Construction  of  storage,  ground- 
water development  on  the  Snake  River  Plain,  and  continued  expansion 
of  high- lift  pumping  along  the  river  are  expected  to  reduce  the 
future  supplies  significantly. 

South  of  the  Snake  River  (in  Owyhee  County,  Idaho),  the 
rights  on  many  tributary  streams  have  been  adjudicated,  and  these 
streams  appear  to  be  fully  appropriated  except  during  periods  of 
high  flows.  Permits  may  still  be  issued  on  some  streams  for  con- 
struction of  storage  reservoirs  to  impound  nonirrigation  season 
flows  and  excess  flood  discharges.  The  Bruneau  and  the  Owyhee 
Rivers  are  the  two  major  streams  in  this  area;  the  Bruneau  River 
has  uncommitted  runoff  which  offers  some  possibilities  for  new 
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storage  developments,  while  the  Owyhee  River  is  heavily  appropriated 
through  storage  in  the  existing  Owyhee  Reservoir. 

On  the  Boise  River,  the  base  flow  is  now  fully  appropriated 
under  adjudicated  rights;  and  the  winter  and  spring  runoff,  for 
the  most  part,  is  stored  under  permits  and  licenses.  Except  for 
additional  storage  during  the  extreme  flood  periods,  the  existing 
water  supply  of  the  Boise  River  drainage  offers  little  opportunity 
for  new  development,  except  perhaps  on  the  lower  reaches  of  the 
river  where  return  flows  add  to  the  stream  discharge.  The  Boise 
River  experiences  late  season  low  flows  which  require  releases  from 
the  storage  reservoirs  to  meet  irrigation  requirements.  Proposed 
importation  of  water  from  adjoining  streams  and  water  exchanges 
may  make  water  available  for  further  irrigation  and  for  other  uses 
such  as  water  quality  flows  and  municipal  supplies. 

Although  the  Payette  River  is  used  extensively  for  irriga- 
tion purposes,  the  rights  have  not  been  adjudicated  except  on  a 
few  tributary  streams.  There  are  a number  of  permits  and  licenses, 
but  many  uses  appear  to  be  the  result  of  claimed  "use  rights." 
Existing  storage  facilities  are  not  presently  fully  utilized;  how- 
ever, the  Payette  River  is  subject  to  late  season  water  shortages, 
and  the  water  users  will  likely  find  a need  for  additional  storage 
to  augment  their  supplies  as  the  basin  becomes  more  fully  developed. 

The  discharge  of  the  river  measured  near  Payette,  Idaho, 

(table  180)  is,  in  general,  available  for  additional  use.  The  amounts 
shown,  however,  include  return  flows  from  upstream  irrigation;  these 
would  be  available  for  use  only  in  the  lower  reach  of  the  river. 

All  water  in  Big  Payette  Lake  below  the  minimum  natural  level 
of  the  lake  was  appropriated  by  the  Governor  of  Idaho  to  preserve 
it  for  the  use  of  the  general  public  for  recreation  and  scenic 
purposes.  However,  the  constitutionality  and  effect  of  such  an 
appropriation  has  not  been  determined. 

Phe  last  major  Idaho  tributary  which  enters  the  Snake  River 
in  Subregion  5 is  the  Weiser  River.  Rights  have  been  adjudicated 
on  this  stream  and  its  tributaries;  and,  in  addition,  a number  of 
permits,  licenses,  and  use  rights  are  in  existence.  The  primary 
use  is  for  irrigation,  with  a small  amount  used  for  industry. 

Several  storage  reservoirs  have  been  built,  and  storage  presents 
the  major  opportunity  for  additional  future  development. 

Nevada  The  two  main  Snake  River  Tributaries  that  head  in 
Nevada  are  the  Bruneau  River  and  the  Owyhee  River.  The  Jarbidge 
River  rises  in  Nevada,  then  joins  the  Bruneau  River  in  Idaho. 

Most  of  these  waters,  even  though  they  originate  in  Nevada  are  used 
for  irrigation  in  Idaho  and  Oregon.  A principal  use  of  the  Owyhee 
River  water  is  for  irrigation  on  the  Duck  Valley  Indian  Reservation 
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straddling  the  Idaho-Nevada  boundary  after  storage  in  the  newly 
reconstructed  Wild  Horse  Reservoir  with  a capacity  of  71,660  acre- 
feet.  Smaller  reservoirs  include  Deep  Creek,  Wilson  Creek,  Dry 
Creek,  Spring  Creek,  and  Duck  Creek  with  capacities  up  to  2,000 
acre-feet,  and  Bull  Run  Creek  Reservoir  with  a capacity  of  some 
10,000  acre-feet. 

The  only  adjudication  proceeding  completed  within  the  Owyhee 
River  Basin  is  for  Six  Mile  Creek,  although  a petition  for  adjudica- 
tion of  the  Owyhee  River  was  filed  with  the  State  Engineer  in  1924 
and  dismissed  in  1939.  However,  the  Nevada  State  Engineer  has 
continued  to  accept  claims  of  a vested  right  by  filing  proofs  of 
appropriation  which  are  submitted  in  accordance  with  statutory 
procedures . 


Table  171A  - Existing  Nevada  Surface  Water  Rights,  Subregion  5,  1969 
Certificates,  Permits,  and  Applications 


Unit  Irrigation  Stockwatering  Other 
(Cubic  Feet  per  Second) 


Reservoir 
Storage  Rights 
(Acre  Feet) 


Owyhee 

Bruneau 

Jarbidge 


148 

4 


10 


132,790 

7,998 

127,512 


Discharge 

The  base  period  used  in  this  study  is  October  1928  to  Sep- 
tember 1958  (water  years  1929-58) . Selection  of  this  period  was 
based  on  the  determination  that  it  adequately  reflects  the  long- 
term runoff  conditions.  Unless  otherwise  shown  in  the  tables, 
graphs,  or  narrative,  all  runoff  values  have  been  adjusted  to  rep- 
resent streamflow  conditions  under  the  present  level  of  development 
(1970) . 


Measurement  Facilities  The  12  stream  gage  locations  at  which 
runoff  data  are  given  in  this  report  are  indicated  on  the  map  of 
mean  annual  runoff,  figure  308.  A summary  of  some  of  the  pertinent 
data  at  each  station  is  given  in  table  172.  On  this  table  the  sta- 
tion numbers,  datum,  and  drainage  area  are  those  used  in  Geological 
Survey  reports.  Momentary  maximum  and  minimum  flows  are  observed 
extremes  at  each  station  for  the  period  of  record  available.  In 
most  cases  these  historical  peaks  were  affected  by  the  upstream 
regulation  in  effect  at  that  time.  Annual  flow  values  have  been 
modified  to  reflect  stream  development  and  use  as  of  1970. 


428 


NEVADA 


VPOf  H( 


{ »CAK«|  A R*  -,T 


MEAN  ANNUAL  RUNOF 
IN  INCHES 


lable  172.  Streamflow  Summary  for  Selected  sites,  a :ig.  •< 


Stream 

Station 

Stat ion 

Gage 

Drainage 

Area 

Period 

of 

Annua  1 f 
(cfs  J 

ow  1/ 

M\  Set. tan 

51 

Numbe r 

Oatum 

(sq.mi . ) 

Record 

Mean 

Max 

Min 

M.«» 

Min. 

Bruneau  River 

Hot  Spring 

J68S 

2598.5 

2,630 

44-65 

342 

586 

113 

Owyhee  River 

Owyhee  L'am 

1830 

2343.67 

11,160 

29-65 

(95-lb 

252 

1 ,604 

36 

12  ■'»>'< 

Boise  River 

Nr.  Boise 

2020 

2827.0 

2,680 

(55-65 

2.619 

4,207 

1 .291 

35,500 

o 

Boise  River 

Notus 

2125 

2288.55 

3,820 

20-65 

960 

2,325 

289 

10 

Malheur  River 

Little  Valley 

2200 

2424.03 

3,010 

49-65 

160 

523 

28 

12.300 

12 

Payette  River 

Horseshoe  Beni 

24' 5 

2625.61 

2,230 

19-65 

3 ,G"0 

4,61  l 

1.834 

77  non 

350 

Payette  River 

Payette 

2510 

2158.44 

3 , 240 

35-65 

2 , 707 

4,521 

1.43b 

30,900 

180 

Weiser  River 

Weiser 

2660 

2220 

1 ,460 

S2-65 

1 ,004 

1,905 

4.4 

1 9 . 900 

14 

Snake  River 

Weiser 

2690 

2086.64 

69.200 

11-65 

15.'  '4 

24.491 

9,697 

84 . 500 

5,100 

Burnt  River 

Hereford 

2730 

3756.75 

309 

29-65 

82 

148 

34 

2,220 

0 

Powder  River 

Robinette 

2895 

1957.01 

1,660 

28-57 

512 

916 

209 

5,500 

18 

Snake  River 

Oxbow 

2902 

1668.34 

73,150 

58-65 

16,338 

26. 03" 

11,124 

76,800 
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J7  Regulated  values  for  base  period  (T5I9 - 15551  1970  condi ti o n > . 
2 / Observed  values  for  period  of  record. 


Average  Discharge  for  Subregion  5 Figure  308  is  a map  of 
isopleths  showing  mean  annual  runoff.  Figure  309  presents  graph- 
ically the  average  monthly  discharge  generated  within  Subregion  5; 
these  same  data  also  are  shown  in  table  173.  This  runoff  consists 
of  the  monthly  flows  passing  the  Oxbow  gage  minus  the  flows  pass- 
ing the  King  Hill  gage  during  the  same  months.  It  should  be 
remembered  that  storage  and  use  of  water  on  the  main  stem  tributary 
streams  have  quite  drastically  changed  the  normal  pattern  and  vol- 
umes of  runoff. 


Fable  173.  Discharge  in  Subregion  5 (Central  Snake  i , 1929-38 
(Mean  discharge,  in  cfsl 


Oct. 

Nov . 

Dec . 

.Jan. 

Feb. 

Mu 

r.  Apr.  May 

June 

July 

Aug. 

-3«P<  ■ 

Annua  1 

Maximum  Months 

5,764 

7,725 

13,936 

lb, 058 

2!  ,95.’ 

22, 

203  51,712  37,014 

26,706 

8,312 

4,271 

6,850 

18,462 

20  Percent 

5,341 

6 ,(>18 

8,533 

12,581 

12,910 

15, 

120  26,354  19,922 

17,366 

1 .838 

2,818 

4,610 

11,125 

Mean 

4 , 585 

5.547 

7,709 

10,625 

10.314 

11 , 

576  15,965  10,877 

9,751 

135 

2,308 

4 , 068 

7."48 

> 

80  Percent 

* 

4.165 

4 , 606 

6,560 

8.858 

7,993 

9,166  7,008  3,931 

2,309 

-1.384  1,828  3.472 

4 .856 

* 

Minimum  Months 

2,470 

2,884 

4,006 

7,152 

4,431 

3.179  - 1 ,608  1,932 

-‘■3SS 

2,18"  1,482  2.872 

1 . “54 

The  data  which  represent  total  outflow  from  the  subregion 
are  those  shown  for  the  Snake  River  below  Pine  Creek  at  Oxbow  on 
table  185  and  figure  321. 
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Average  Discharge  for  Selected  Stations  In  this  section, 
additional  data  are  given  for  each  of  the  selected  sites  listed  on 
table  172.  Monthly  discharges  for  each  year  are  shown  on  tables 
174  to  185.  These  flows  reflect  regulation  and  use  under  the  1970 
level  of  development. 

Figures  310  to  321  are  flow  hydrographs  for  seven  conditions 
maximum,  mean,  and  minimum  monthly  flows;  monthly  flows  for  the 
maximum  and  minimum  years;  and  monthly  flows  which  are  equaled  or 
exceeded  20  percent  and  80  percent  of  the  time  during  the  base 
period . 


Frequency  curves  of  annual  high  and  low  discharges  are 
shown  on  figures  322  to  333.  These  curves  present  the  highest 
average  flow  and  lowest  average  flow  for  periods  of  1,  3,  6,  and  12 
consecutive  months.  Because  streamflow  at  most  stations  in  this 
subregion  is  highly  regulated,  the  frequency  curves  do  not  have  a 
normal  distribution  of  high  and  low  discharges. 

Duration  curves  for  monthly  and  annual  flows  are  presented 
on  figures  334  to  345.  The  curves  indicate  the  percent  of  time 
that  any  given  flow  is  equaled  or  exceeded  at  each  site.  The  oc- 
currence of  these  flows  is  not  necessarily  during  consecutive 
months  or  years , but  may  have  been  at  any  time  during  the  30-year 
base  period. 

Frequency  curves  of  annual  peak  discharges  at  four  of  the 
12  selected  stream  gage  sites  are  shown  on  figures  346  to  349. 

Data  for  the  remaining  sites  are  not  included  because  of  the  high 
degree  of  historical  regulation  on  most  of  these  streams.  For 
comparison,  both  the  regulated  and  unregulated  peak  flows  are  shown 
for  the  Boise  River  near  Boise. 

Dependable  yield  at  the  various  sites  is  listed  on  tables 
186  to  197.  Values  shown  are  the  lowest  mean  flows  that  occurred 
(within  the  base  period)  for  intervals  of  1 to  10  consecutive  years 
Yield,  as  a percent  of  the  30-year  mean,  varies  widely  between  the 
different  stations.  For  the  lowest  single  year's  discharge,  the 
range  is  from  a high  of  68.1  percent  to  a low  of  14.3  percent. 
During  the  10  consecutive  years  of  lowest  discharge,  the  yield 
varies  from  80.6  to  32.5  percent. 


Variations  in  Discharge  Long-term  variations  in  discharge 
for  the  Snake  River  at  Weiser,  Idaho,  and  in  precipitation  for 
Boise  are  shown  on  figure  350.  Means  for  the  base  period  (1929- 
58)  and  the  entire  period  record  are  shown  on  both  graphs.  The 
discharge  of  the  Snake  River  at  Weiser  shows  a base  period  average 
(recorded)  of  16,960  cfs  and  a 56-year  average  of  17,740  cfs;  the 
30-year  base  period  flow  is  therefore  about  96  percent  of  the 
longer  (56-year)  record.  The  average  annual  precipitation  at  Boise 
for  the  base  period  is  11.51  inches,  while  for  the  99  years  of 
available  records,  the  average  is  12.70  inches;  the  base  period 
precipitation  is  therefore  about  91  percent  of  a long-term  period. 
In  addition,  some  of  the  highest  and  some  of  the  lowest  recorded 
runoff  have  occurred  within  the  base  period.  It  is  thus  apparent 
that  for  Subregion  5 the  base  period  of  1929  to  1958  adequately 
represents  normal  runoff  conditions. 


Seasonal  variations  in  streamflow  can  be  seen  in  the 
hydrographs  of  figures  310  to  321.  A normal  cycle  of  low  winter 
discharge,  high  spring  flows  due  to  snowmelt,  and  receding  flows 
throughout  the  summer  are  characteristic  at  most  sites. 


Streamflow  Travel  Time  There  is  no  known  information  in 
this  reach  of  the  river  from  which  a graph  of  travel  times  could 
be  drawn.  Some  generalized  information  is  in  use  for  routing 
flood  discharges,  but  the  accuracy  of  these  values  is  not  precise 


River  Profiles  Profiles  for  the  central  section  of  the 
Snake  River  and  selected  tributaries  are  shown  in  figure  351. 


Narrative  continued  page  456 


r - - - 1 


Figure  309  Monthly  discharge,  flow  generated  in  Central  Snake 
Subregion. 
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Table  174.  Ubserved  and  Estimated  Mean  Discharges  in  CFS,  Bruneau  River  near 
Mot  Springs,  Idaho 


Water 

Year 

Oct. 

Nov. 

Dec . 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annual 

1928 

163 

91 

79 

0 

1929 

107 

136 

112 

106 

106 

236 

640 

1120 

743 

192 

114 

114 

311 

1930 

111 

118 

122 

109 

142 

174 

245 

589 

271 

104 

167 

126 

181 

1931 

122 

106 

98 

109 

117 

169 

353 

260 

101 

59 

60 

104 

138 

1932 

107 

103 

83 

101 

96 

174 

753 

1506 

1486 

400 

151 

126 

423 

1933 

115 

124 

104 

124 

110 

159 

373 

806 

992 

237 

99 

67 

276 

1934 

107 

109 

119 

128 

121 

163 

178 

133 

82 

75 

83 

52 

113 

1935 

91 

109 

112 

124 

121 

193 

524 

836 

1039 

259 

76 

79 

297 

1936 

88 

109 

112 

120 

113 

159 

939 

1120 

867 

140 

99 

74 

328 

1937 

111 

109 

115 

94 

106 

190 

424 

706 

418 

177 

68 

42 

214 

1938 

80 

109 

122 

132 

124 

242 

896 

1397 

944 

385 

114 

109 

389 

1939 

111 

128 

145 

150 

117 

865 

913 

582 

218 

89 

60 

47 

286 

1940 

73 

99 

104 

128 

120 

242 

508 

611 

289 

59 

37 

52 

194 

1941 

62 

87 

98 

124 

117 

202 

376 

606 

548 

163 

128 

94 

217 

1942 

107 

133 

145 

135 

139 

315 

2000 

1732 

1617 

348 

122 

S7 

570 

1943 

76 

121 

159 

350 

746 

663 

1751 

1242 

1356 

421 

122 

74 

586 

1944 

107 

131 

124 

115 

137 

185 

655 

1341 

1121 

421 

124 

87 

379 

1945 

102 

123 

114 

130 

193 

272 

837 

2018 

1607 

548 

146 

111 

518 

1946 

124 

153 

150 

161 

171 

405 

1192 

987 

676 

197 

89 

81 

365 

1947 

137 

148 

156 

119 

209 

291 

513 

872 

558 

172 

80 

67 

277 

1948 

80 

109 

132 

148 

151 

189 

588 

954 

944 

229 

91 

79 

307 

1949 

98 

111 

107 

107 

135 

239 

1386 

1823 

834 

198 

96 

81 

435 

1950 

115 

128 

115 

210 

238 

398 

1007 

1424 

1139 

372 

120 

91 

447 

1951 

104 

161 

273 

198 

476 

420 

1269 

1389 

701 

223 

115 

77 

449 

1952 

94 

119 

128 

133 

158 

179 

1882 

2346 

1373 

395 

133 

94 

586 

1953 

106 

109 

128 

166 

157 

242 

546 

746 

1467 

416 

106 

79 

355 

1954 

88 

109 

112 

120 

157 

239 

375 

480 

276 

114 

68 

61 

183 

1955 

68 

81 

76 

93 

99 

119 

240 

600 

608 

190 

76 

64 

193 

1956 

70 

89 

158 

314 

157 

387 

818 

1299 

869 

198 

85 

67 

376 

1957 

86 

108 

150 

91 

348 

397 

666 

1997 

1397 

341 

98 

82 

480 

1958 

106 

126 

124 

120 

243 

237 

793 

1593 

761 

192 

91 

71 

372 

Mean 

98 

117 

127 

142 

180 

278 

788 

1104 

843 

244 

101 

80 

342 

Table  175. 

Modified  Mean  Discharges  in  CFS,  Owyhee  River  below  Owyhee  Dam, 

Oregon 

Water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug . 

Sept . 

Annual 

1928 

275 

257 

200 

0 

1929 

50 

8 

8 

8 

9 

8 

437 

226 

234 

275 

257 

200 

144 

1930 

50 

8 

8 

8 

9 

8 

47 

91 

94 

111 

102 

82 

52 

1931 

24 

8 

8 

8 

9 

8 

47 

91 

94 

49 

42 

39 

36 

1932 

20 

8 

8 

8 

9 

8 

109 

226 

234 

275 

257 

200 

114 

1933 

50 

8 

8 

8 

9 

8 

47 

91 

94 

111 

102 

82 

52 

1934 

24 

8 

8 

8 

9 

8 

47 

91 

94 

75 

44 

39 

38 

1935 

20 

8 

8 

8 

9 

8 

109 

226 

234 

275 

257 

200 

114 

1936 

50 

8 

8 

8 

9 

8 

1655 

857 

234 

275 

257 

200 

297 

1937 

50 

8 

8 

8 

9 

8 

109 

226 

234 

275 

257 

200 

117 

1938 

50 

8 

8 

8 

9 

8 

1871 

2472 

234 

275 

257 

200 

452 

1939 

50 

8 

8 

8 

9 

8 

1403 

226 

234 

275 

257 

200 

223 

1940 

50 

8 

8 

8 

9 

8 

109 

226 

234 

275 

257 

200 

116 

1941 

50 

8 

8 

8 

9 

8 

109 

226 

234 

275 

257 

200 

117 

1942 

50 

8 

8 

8 

9 

8 

109 

559 

301 

275 

257 

200 

151 

1943 

50 

8 

8 

8 

822 

3924 

4225 

226 

234 

275 

257 

200 

850 

1944 

50 

8 

8 

8 

9 

8 

109 

226 

234 

275 

257 

200 

116 

1945 

50 

8 

8 

8 

9 

8 

109 

1943 

908 

275 

257 

200 

318 

1 94<> 

50 

8 

8 

8 

9 

i857 

4005 

226 

234 

275 

257 

200 

594 

1947 

50 

8 

8 

8 

9 

8 

109 

226 

234 

275 

257 

200 

117 

1948 

50 

8 

8 

8 

9 

8 

59 

117 

121 

141 

132 

104 

64 

1949 

29 

8 

8 

8 

9 

8 

59 

117 

121 

141 

132 

104 

62 

1950 

29 

8 

8 

8 

9 

8 

59 

117 

121 

141 

132 

104 

62 

1951 

29 

8 

8 

8 

9 

8 

2358 

367 

234 

275 

257 

200 

312 

1952 

50 

8 

8 

8 

9 

8 

13230 

5050 

276 

275 

257 

200 

1604 

1953 

50 

8 

8 

8 

9 

8 

109 

226 

234 

275 

257 

200 

117 

1954 

50 

8 

8 

8 

9 

8 

47 

91 

94 

111 

102 

82 

52 

1955 

24 

8 

8 

8 

9 

8 

47 

91 

94 

111 

102 

82 

50 

1956 

24 

8 

8 

8 

9 

8 

109 

226 

234 

275 

257 

200 

114 

1957 

50 

8 

8 

8 

9 

8 

906 

2746 

234 

275 

257 

200 

396 

1958 

50 

8 

8 

8 

9 

659 

4835 

1855 

234 

275 

257 

200 

699 

Mean 

43 

8 

8 

8 

36 

222 

1219 

656 

221 

225 

210 

164 

252 

434 
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Table  176.  Modified  Mean  Discharges  in  CFS,  Boise  River  near  Boise,  Idaho 


Water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annual 

1928 

4854 

4415 

3640 

0 

1929 

898 

81 

80 

50 

1070 

141 

1168 

4463 

4934 

4854 

4415 

3640 

2155 

1930 

881 

50 

50 

29 

1050 

120 

2082 

4208 

4452 

4210 

3766 

2346 

1941 

1931 

587 

660 

524 

29 

1178 

255 

1109 

2076 

2486 

2685 

2405 

1507 

1291 

1932 

385 

538 

442 

50 

965 

724 

2197 

4463 

4934 

4854 

4415 

3640 

2302 

1933 

881 

50 

50 

80 

1070 

171 

1188 

4463 

4934 

4854 

4415 

3640 

2155 

1934 

898 

81 

80 

80 

1070 

120 

2867 

3940 

3933 

3945 

3501 

2160 

1892 

1935 

602 

733 

589 

50 

1252 

125 

1155 

4463 

5008 

4475 

3998 

2501 

2083 

1936 

647 

1250 

429 

50 

1070 

171 

2212 

4463 

4934 

4854 

4415 

3640 

2345 

1937 

898 

81 

80 

29 

1052 

120 

1155 

4463 

5008 

4475 

3998 

2501 

1994 

1938 

637 

697 

885 

80 

1099 

171 

4193 

7956 

6743 

4854 

4415 

3640 

2953 

1939 

898 

81 

80 

80 

1070 

141 

3948 

4463 

4934 

4854 

4415 

2501 

2292 

1940 

637 

1094 

29 

29 

1035 

141 

2197 

4463 

4934 

4854 

4415 

2501 

2195 

1941 

647 

1114 

50 

80 

1052 

120 

3217 

4463 

4218 

4475 

3998 

2501 

2164 

1942 

637 

802 

782 

50 

1074 

120 

2185 

4122 

4934 

4854 

4415 

2501 

2211 

1943 

637 

1094 

29 

3205 

2998 

2151 

9542 

9574 

5842 

5709 

4415 

3640 

4068 

1944 

898 

81 

80 

101 

1111 

980 

2309 

4463 

4144 

4854 

4415 

3640 

2260 

1945 

881 

50 

50 

50 

1101 

171 

1168 

4122 

4933 

4854 

4415 

3640 

2125 

1946 

881 

50 

50 

80 

1101 

2621 

7588 

7644 

5509 

4854 

4415 

3640 

3209 

1947 

898 

81 

80 

80 

1101 

1606 

3595 

6566 

4988 

4854 

4415 

3183 

2629 

1948 

898 

81 

80 

80 

1066 

171 

2995 

5537 

5793 

4854 

4415 

3640 

2468 

1949 

898 

81 

80 

80 

1101 

171 

4326 

6541 

4933 

4854 

4415 

3640 

2598 

1950 

898 

81 

80 

80 

1101 

171 

7269 

6176 

5314 

4854 

4415 

3640 

2841 

1951 

898 

81 

80 

80 

1560 

3722 

9270 

7585 

6144 

4854 

4415 

3640 

3530 

1952 

898 

81 

80 

3564 

2800 

3086 

8884 

8447 

6719 

4854 

4415 

3640 

3953 

1953 

898 

81 

80 

80 

1101 

611 

5267 

6470 

6074 

4854 

4415 

3640 

2801 

1954 

898 

81 

80 

80 

1279 

1925 

6050 

6650 

5437 

4854 

4415 

3640 

2954 

1955 

1047 

81 

80 

80 

1101 

171 

598 

4688 

5153 

4502 

3839 

3815 

2101 

1956 

1015 

81 

80 

2678 

3172 

6995 

8235 

8704 

6457 

4915 

4366 

3768 

4207 

1957 

867 

81 

80 

80 

1101 

1793 

7571 

9574 

6485 

5083 

4759 

3835 

3450 

1958 

907 

81 

80 

80 

1101 

359 

9514 

9494 

5654 

4855 

4580 

3892 

3387 

Mean 

815 

319 

177 

375 

1302 

978 

4168 

5825 

5199 

4719 

4251 

3258 

2619 

Table  177.  Modified  Mean  Discharges  in  CFS,  Boise  River  at  Notus,  Idaho 


Water 


Year 

Oct . 

Nov. 

Dec . 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annual 

1928 

340 

455 

659 

0 

1929 

683 

706 

650 

537 

559 

556 

269 

195 

185 

153 

140 

336 

413 

1930 

504 

602 

550 

496 

458 

424 

190 

112 

111 

94 

62 

277 

323 

1931 

501 

627 

563 

517 

483 

449 

235 

114 

111 

94 

62 

252 

333 

1932 

488 

739 

777 

784 

831 

833 

353 

195 

210 

228 

260 

403 

508 

1933 

667 

761 

693 

631 

609 

637 

329 

210 

212 

224 

192 

424 

465 

1934 

634 

728 

660 

598 

573 

528 

279 

193 

195 

176 

143 

373 

423 

1935 

569 

546 

483 

423 

378 

353 

185 

101 

101 

91 

60 

182 

289 

1936 

488 

773 

787 

951 

939 

1122 

908 

514 

235 

293 

293 

471 

647 

1937 

556 

645 

582 

520 

486 

434 

215 

132 

131 

114 

81 

309 

350 

1938 

602 

723 

667 

683 

546 

667 

2454 

4699 

3160 

358 

325 

487 

1282 

1939 

709 

886 

813 

751 

742 

681 

992 

276 

235 

228 

260 

403 

580 

1940 

667 

761 

693 

680 

588 

688 

765 

179 

218 

244 

260 

403 

511 

1941 

678 

748 

659 

696 

710 

559 

276 

337 

689 

633 

602 

750 

610 

1942 

602 

677 

637 

655 

840 

657 

286 

546 

807 

455 

649 

563 

613 

1943 

766 

733 

811 

3979 

2795 

2777 

6682 

4888 

1153 

1177 

489 

435 

2219 

1944 

672 

746 

774 

730 

760 

1431 

1556 

241 

496 

498 

670 

595 

763 

1945 

475 

571 

641 

631 

769 

698 

331 

260 

513 

472 

636 

533 

551 

1946 

654 

963 

909 

805 

760 

3239 

5827 

3255 

1114 

559 

618 

561 

1607 

1947 

793 

739 

704 

623 

625 

1948 

1484 

2006 

1092 

446 

576 

502 

965 

1948 

829 

849 

763 

735 

710 

680 

1617 

1125 

1659 

533 

659 

612 

895 

1949 

790 

817 

735 

589 

796 

665 

1338 

2185 

513 

602 

611 

583 

8S3 

1950 

686 

660 

572 

587 

643 

634 

5358 

1724 

980 

319 

480 

466 

1088 

1951 

761 

669 

615 

556 

1270 

4289 

5936 

3606 

1894 

343 

410 

390 

1727 

1952 

867 

603 

593 

4202 

2405 

3603 

6511 

4397 

2428 

509 

405 

696 

2264 

1953 

603 

709 

603 

655 

668 

1011 

2356 

2787 

3079 

265 

366 

422 

1125 

1954 

650 

654 

554 

460 

627 

2390 

2827 

2281 

1602 

291 

382 

481 

1101 

1955 

707 

666 

563 

514 

452 

447 

213 

1187 

193 

302 

246 

477 

499 

1956 

774 

755 

706 

3259 

2621 

6702 

4655 

4626 

2349 

398 

413 

624 

2325 

1957 

870 

792 

652 

559 

818 

2441 

6709 

5758 

1901 

337 

405 

664 

1826 

1958 

1072 

709 

663 

589 

800 

850 

6314 

4888 

2121 

385 

431 

748 

1629 

Mean 

677 

722 

669 

947 

878 

1413 

2248 

1768 

990 

361 

373 

481 

960 

435 


1930 

1137 

650 

1127 

743 

1045 

1398 

3462 

3854 

3160 

339S 

3359 

2731 

2178 

1931 

1211 

788 

725 

769 

737 

1140 

2306 

3154 

3136 

3337 

2725 

1897 

1834 

1932 

1078 

585 

603 

600 

650 

1468 

3911 

7319 

6173 

3306 

3436 

2795 

2664 

1933 

1244 

862 

800 

681 

777 

902 

2822 

3974 

11282 

3289 

3120 

2879 

2716 

1934 

1307 

822 

950 

1294 

1301 

2377 

4556 

3424 

3025 

3449 

3488 

2833 

2407 

1935 

1219 

892 

803 

836 

905 

1037 

3314 

4696 

4075 

3397 

3340 

28 44 

2286 

1936 

1198 

677 

740 

730 

777 

1088 

5637 

7530 

4654 

3345 

3467 

2877 

2730 

1937 

1270 

687 

737 

675 

730 

1065 

2326 

4455 

3143 

3432 

3563 

2857 

2088 

1938 

1314 

879 

1532 

1047 

1121 

2138 

5249 

7793 

10989 

3426 

3397 

2771 

3474 

1939 

1946 

1560 

1550 

1538 

1519 

1636 

3817 

4307 

3112 

3444 

3419 

2768 

2557 

1940 

1255 

736 

919 

989 

1280 

3189 

5274 

6032 

4302 

3459 

3496 

2786 

2813 

1941 

1411 

1067 

1008 

906 

1097 

1833 

2943 

4852 

5958 

3384 

3384 

2595 

2542 

1942 

2021 

1600 

1857 

1293 

1193 

1311 

4512 

5693 

7489 

3511 

3447 

2901 

3073 

1943 

2062 

1499 

1111 

1688 

1456 

2127 

9779 

9644 

13183 

6546 

3345 

2874 

4611 

1944 

2244 

1738 

1759 

1673 

1563 

1437 

2119 

3328 

3065 

3424 

3506 

2855 

2397 

1945 

1280 

871 

761 

855 

1115 

1275 

2284 

5501 

5158 

3445 

3491 

2902 

2418 

1946 

1289 

911 

1034 

1096 

1036 

2119 

6529 

10619 

7887 

3415 

3478 

2882 

3534 

1947 

2037 

1336 

2089 

1509 

1449 

2298 

3533 

10837 

8106 

3432 

3569 

2860 

3602 

1948 

1945 

1541 

1663 

1348 

1581 

1535 

3170 

6226 

11763 

3200 

3418 

2"9S 

3343 

1949 

1919 

1400 

1506 

1446 

1108 

1754 

4400 

8341 

6669 

5468 

3459 

2864 

3205 

1950 

1083 

938 

829 

997 

1146 

1896 

4003 

6060 

12393 

5003 

3400 

2817 

3381 

1951 

2052 

1477 

1358 

1328 

1681 

1514 

6894 

11065 

8374 

3520 

3442 

2842 

3801 

1952 

1878 

1403 

1341 

1459 

1179 

1312 

7396 

15504 

10831 

3273 

3311 

2882 

4317 

1953 

1987 

1592 

1593 

1366 

1494 

1550 

3852 

5484 

13253 

4787 

3340 

2820 

3591 

1954 

1971 

1410 

1537 

1312 

1434 

1948 

4879 

10364 

8524 

3785 

3392 

2845 

3626 

1955 

1997 

1561 

1576 

1589 

1568 

1374 

1694 

4784 

5245 

3249 

3445 

2817 

2580 

1956 

1050 

1131 

2802 

1911 

1339 

2156 

7778 

15254 

11900 

3382 

3447 

2914 

4592 

1957 

1819 

1452 

1325 

1769 

1465 

2372 

4492 

12431 

11277 

3800 

3852 

3170 

4113 

1958 

1195 

834 

911 

889 

1524 

1502 

3749 

12616 

10144 

3291 

3416 

2835 

3584 

Mean 

1555 

1124 

1244 

1170 

1201 

1661 

4287 

7299 

7405 

5619 

3411 

2807 

3070 

436 


Table  180.  Modified  Mean  Discharges  in  CFS,  Payette  River  near  Payette,  Idaho 


water 

Year 

Oct . 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annual 

1928 

1285 

1382 

1529 

0 

1929 

1138 

1227 

1187 

1106 

1279 

1561 

1933 

2748 

2319 

1415 

1415 

1479 

1568 

1930 

1154 

1008 

1463 

976 

1586 

1789 

2958 

2699 

1294 

1415 

1415 

1479 

1602 

1931 

1252 

1244 

943 

1106 

1153 

1659 

2252 

1740 

1361 

1398 

1545 

1496 

1430 

1932 

1057 

924 

943 

894 

1130 

2699 

4790 

6715 

5361 

1463 

1463 

1479 

2409 

1933 

1154 

1294 

976 

1057 

1207 

1593 

2857 

3008 

8689 

1415 

1415 

1479 

2171 

1934 

1154 

1277 

1366 

1837 

1838 

2634 

4302 

2032 

1361 

1415 

1415 

1479 

1840 

1935 

1154 

1244 

1024 

1171 

1297 

1415 

3092 

3317 

2252 

1415 

1415 

1479 

1689 

1936 

1106 

958 

959 

1057 

1583 

2032 

6386 

7138 

3529 

1236 

1333 

1496 

2398 

1937 

1138 

958 

911 

943 

1099 

1789 

2991 

3951 

1529 

1219 

1317 

1496 

1615 

1938 

1138 

1227 

2390 

2081 

2198 

4309 

6756 

7447 

9781 

1691 

1366 

1479 

3485 

1939 

1902 

1933 

1902 

1756 

1748 

2797 

3781 

2992 

1344 

1268 

1366 

1597 

2033 

1940 

1154 

958 

1171 

1415 

2400 

4081 

6235 

4959 

2555 

1333 

1431 

1664 

2442 

1941 

1301 

1479 

1496 

1301 

1856 

2276 

2891 

3675 

4655 

1317 

1577 

1613 

2116 

1942 

1870 

1882 

2260 

1886 

2072 

1919 

4840 

4911 

6437 

1382 

1431 

1529 

2696 

1943 

1854 

1899 

2081 

3057 

2541 

3366 

11294 

8211 

12151 

4813 

1577 

1496 

4521 

1944 

1935 

1983 

1902 

1935 

1913 

1821 

2286 

1870 

1798 

1268 

1398 

1496 

1799 

1945 

1154 

1260 

1073 

1350 

2126 

1951 

2050 

5301 

3933 

1366 

1431 

1529 

2042 

1946 

1138 

1143 

1675 

1593 

1730 

3577 

6958 

9789 

6336 

1366 

1415 

1597 

3196 

1947 

1984 

2067 

2862 

1854 

1964 

2813 

3630 

9984 

6874 

1317 

1431 

1580 

3203 

1948 

1886 

1849 

1821 

1789 

1774 

1772 

3882 

6569 

10974 

1350 

1447 

1580 

3048 

1949 

1902 

1765 

1789 

1772 

1928 

2634 

4454 

7463 

5243 

1317 

1447 

1445 

2765 

1950 

1219 

1412 

1041 

1480 

2000 

2976 

4252 

4764 

11142 

3171 

1447 

1496 

3025 

1951 

1919 

1983 

1870 

1821 

2703 

2195 

7260 

10146 

7092 

1577 

1496 

1563 

3464 

1952 

1951 

1748 

2374 

1919 

2330 

2341 

9462 

15610 

10033 

1642 

1415 

1563 

4363 

1953 

1919 

1899 

1902 

2488 

2360 

2244 

4067 

4748 

12655 

2976 

1463 

1479 

3340 

1954 

1854 

1916 

1935 

1902 

2108 

2520 

4857 

9496 

7378 

1951 

1480 

1580 

3250 

1955 

1870 

1983 

1919 

1919 

1928 

1984 

2319 

3837 

3765 

1366 

1350 

1479 

2142 

1956 

1138 

1563 

3805 

2894 

1930 

2878 

7932 

14585 

10554 

1366 

1512 

1529 

4309 

1957 

2000 

1983 

1935 

1837 

2703 

3902 

5445 

12341 

9714 

1317 

1366 

1546 

3841 

1958 

1285 

1244 

1447 

1480 

2973 

2098 

4487 

12390 

9311 

1252 

1382 

1529 

3402 

Mean 

1490 

1510 

1681 

1656 

1914 

2455 

4690 

6483 

6047 

1627 

1432 

1524 

2707 

Table 

181. 

Observed 

Mean  Discharges  in 

CFS,  W'eiser  River 

near  Wei 

iser. 

Idaho 

Water 

Year 

Oct. 

Nov. 

Dec . 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annual 

1928 

154 

141 

134 

0 

1929 

104 

146 

161 

154 

180 

1428 

1699 

1485 

891 

182 

153 

97 

558 

1930 

42 

81 

242 

124 

978 

950 

1086 

967 

316 

150 

137 

69 

424 

1931 

73 

101 

109 

138 

254 

1849 

1254 

798 

178 

153 

138 

55 

427 

1932 

36 

79 

125 

135 

224 

3478 

3726 

3621 

1422 

213 

164 

84 

1112 

1933 

76 

160 

117 

143 

209 

1527 

3186 

2493 

1975 

236 

159 

96 

865 

1934 

75 

136 

667 

1228 

746 

977 

1385 

574 

244 

148 

153 

94 

535 

1935 

52 

203 

317 

493 

405 

1343 

2430 

1906 

649 

154 

148 

94 

683 

1936 

49 

103 

96 

158 

268 

2119 

3917 

2689 

781 

169 

161 

92 

883 

1937 

59 

81 

99 

102 

155 

1520 

1879 

1532 

566 

179 

164 

111 

539 

1938 

86 

407 

1519 

850 

2175 

4325 

3726 

3634 

2069 

415 

171 

145 

1623 

1939 

193 

257 

255 

229 

205 

2793 

1891 

1265 

313 

167 

154 

106 

656 

1940 

91 

94 

198 

533 

2675 

3836 

4101 

1966 

642 

185 

176 

146 

1212 

1941 

267 

660 

924 

954 

2092 

2242 

2012 

1972 

1321 

319 

215 

182 

1089 

1942 

213 

257 

1418 

881 

1676 

1854 

3324 

2325 

1555 

270 

233 

202 

1178 

1943 

145 

329 

972 

2322 

1258 

3180 

4835 

2457 

2121 

527 

197 

183 

1543 

1944 

202 

276 

200 

164 

428 

1055 

1627 

1208 

921 

242 

218 

185 

559 

1945 

101 

287 

164 

444 

2132 

1725 

1471 

3195 

2128 

304 

236 

220 

1025 

1946 

158 

376 

1057 

685 

483 

4429 

3620 

2865 

902 

275 

237 

207 

1281 

1947 

184 

990 

1595 

376 

1573 

1467 

1412 

2102 

1136 

257 

211 

202 

954 

1948 

226 

282 

296 

810 

870 

1024 

2751 

3790 

2076 

298 

223 

222 

1071 

1949 

190 

207 

211 

179 

883 

3506 

2376 

2606 

790 

223 

202 

158 

962 

1950 

150 

192 

159 

272 

1031 

2977 

2597 

2356 

1798 

411 

224 

208 

1029 

1951 

233 

287 

491 

496 

1800 

1758 

2855 

2359 

896 

262 

239 

160 

979 

1952 

411 

627 

1533 

914 

1838 

2380 

7764 

4619 

1859 

463 

242 

299 

1905 

1953 

298 

163 

215 

2502 

1636 

1156 

2170 

2626 

3175 

556 

247 

188 

1239 

1954 

140 

202 

319 

987 

1533 

1314 

2318 

2320 

1050 

304 

234 

155 

901 

1955 

158 

182 

151 

156 

159 

592 

2057 

2393 

1563 

402 

241 

183 

687 

1956 

137 

299 

2920 

2049 

1270 

2037 

2761 

2800 

1324 

337 

255 

190 

1368 

1957 

358 

360 

494 

224 

1838 

4065 

294 1 

4317 

1576 

304 

283 

188 

1411 

1958 

167 

166 

410 

392 

3712 

2114 

3183 

4276 

1860 

328 

276 

210 

1407 

Mean 

156 

266 

581 

637 

1155 

2168 

2745 

2451 

1270 

281 

203 

158 

1004 

437 


r * 

I 

k . 


\ 


Table  182.  Modified  Mean  Discharges  in  CFS,  Snake  River  at  Weiser,  Idaho 


Water 


Year 

Oct. 

Nov. 

Dec . 

Jan. 

Feb. 

Mar . 

Apr. 

May 

June 

July 

E7S 

Sept . 

Annua  1 

1928 

1929 

12657 

14156 

12484 

12345 

12187 

16193 

13920 

12623 

12423 

10164 

9057 

9647 

8919 

11166 

9828 

0 

12230 

1930 

10345 

9921 

10548 

8673 

16088 

1 271 S 

13512 

12676 

9660 

8902 

9559 

10438 

11048 

1931 

10980 

10121 

9772 

10125 

9649 

12042 

1932 

9291 

9907 

9789 

9571 

9577 

17764 

1933 

10738 

10796 

9969 

9572 

9555 

12006 

1934 

11031 

11119 

11385 

12613 

11200 

11284 

1935 

10071 

10015 

9710 

10047 

9267 

10141 

11193 

9377 

8233 

7519 

8148 

9196 

9697 

17872 

19499 

16414 

9099 

8802 

10184 

12316 

14430 

14068 

19102 

8541 

8967 

10220 

11490 

12487 

9621 

8366 

8260 

8436 

8958 

10392 

14732 

12075 

10974 

8971 

8984 

9722 

10392 

1936 

10112 

9954 

9631 

10525 

11862 

13668 

22886 

19379 

14499 

8837 

9519 

10648 

12611 

1937 

10975 

10447 

10104 

9489 

9569 

11375 

13164 

12582 

10272 

8615 

9060 

10321 

10500 

1938 

11234 

11166 

13671 

11847 

12968 

17852 

22979 

27902 

24187 

12075 

9784 

10791 

15541 

1939 

12867 

12206 

11697 

12940 

15142 

19658 

18535 

12628 

9507 

9002 

9416 

10885 

12857 

1940 

11270 

10426 

10428 

10865 

14497 

19180 

20438 

14832 

10739 

8928 

9270 

1 1601 

12691 

1941 

11904 

11788 

11678 

11676 

14476 

15673 

14431 

14057 

16601 

9884 

11067 

11957 

12912 

1942 

12616 

12650 

13533 

11920 

13236 

13171 

19782 

17948 

20130 

10211 

10317 

11805 

13926 

1943 

12629 

13374 

14252 

23122 

22137 

29045 

51996 

28416 

25858 

17543 

11094 

11949 

21739 

1944 

16361 

15846 

14974 

15850 

15104 

16011 

14379 

1200b 

13589 

9798 

10626 

11687 

13830 

1945 

11972 

11912 

10741 

11312 

15960 

15727 

12865 

20172 

17668 

10688 

10789 

12203 

13479 

1946 

13210 

11613 

15582 

16772 

15823 

30679 

39161 

30961 

18 527 

10758 

10858 

12660 

18892 

1947 

13775 

13119 

16683 

13554 

17706 

20866 

18833 

25759 

19932 

10340 

10727 

1 21 52 

16110 

1948 

13224 

12302 

14722 

1 4660 

15920 

16548 

16367 

21154 

23387 

11057 

10694 

12159 

15171 

1949 

14800 

11806 

12070 

14598 

14939 

24351 

28520 

26003 

15646 

9792 

10317 

11517 

16201 

1950 

12015 

11546 

10471 

12228 

15950 

22423 

32765 

1 8896 

23098 

13623 

10707 

11880 

16265 

1951 

16722 

16924 

16676 

16057 

26793 

24972 

42949 

29278 

20784 

10836 

11628 

12193 

20403 

1952 

17834 

16068 

17479 

20013 

20421 

26403 

64285 

49582 

25086 

13123 

11021 

12944 

24491 

1953 

15893 

14734 

12200 

19984 

17686 

17496 

19645 

20678 

32498 

1 3000 

10977 

12532 

17246 

1954 

13458 

12645 

12774 

14985 

1 7636 

20579 

27834 

23052 

20643 

10894 

10912 

12001 

16422 

1955 

13211 

12405 

11769 

12140 

15310 

15314 

12831 

15660 

13354 

10423 

10185 

11406 

12818 

1956 

12070 

12020 

17670 

18242 

18821 

28707 

39281 

36806 

29397 

10795 

11535 

12621 

20646 

1957 

16665 

15727 

15262 

15645 

21056 

27842 

31012 

388 1 5 

28021 

10665 

11154 

13006 

20385 

1958 

16941 

14803 

15091 

14553 

23584 

21008 

31854 

37744 

23564 

10671 

11663 

12941 

19489 

Mean 

12898 

12383 

12763 

13534 

15459 

18694 

23831 

21479 

18065 

10399 

10173 

11413 

15074 

Table  183.  Observed  Mean  Discharges  in  CFS,  Burnt  River  near  Hereford,  Oregon 


Water 


Year 

Oct . 

Nov . 

Dec. 

Jan. 

Feb. 

Mar . 

Apr. 

May 

June 

July 

Auk. 

Sept . 

Annual 

1928 

72 

67 

42 

0 

1929 

29 

0 

0 

0 

0 

80 

187 

128 

67 

72 

67 

42 

56 

1930 

29 

0 

0 

0 

0 

83 

86 

39 

67 

72 

67 

42 

41 

1931 

29 

0 

0 

0 

0 

0 

173 

42 

67 

72 

67 

42 

41 

1932 

29 

0 

0 

0 

0 

0 

545 

223 

67 

72 

67 

42 

87 

1933 

29 

0 

0 

0 

0 

0 

262 

315 

67 

72 

67 

42 

72 

1934 

29 

0 

0 

0 

0 

46 

40 

39 

67 

72 

67 

42 

34 

1935 

29 

0 

0 

0 

0 

0 

153 

75 

67 

72 

67 

42 

42 

1936 

29 

0 

0 

0 

0 

0 

370 

81 

67 

72 

67 

42 

60 

1937 

29 

0 

0 

0 

0 

0 

89 

96 

67 

72 

67 

42 

39 

1938 

29 

0 

0 

0 

0 

0 

511 

176 

67 

72 

67 

42 

80 

1939 

11 

7 

7 

2 

0 

62 

213 

104 

67 

70 

76 

42 

55 

1940 

20 

12 

8 

5 

0 

59 

224 

117 

72 

60 

88 

34 

58 

1941 

7 

8 

8 

8 

43 

166 

170 

140 

97 

88 

91 

35 

72 

1942 

67 

40 

67 

65 

56 

94 

392 

187 

114 

111 

88 

79 

113 

1943 

23 

12 

31 

55 

115 

185 

617 

244 

165 

120 

112 

103 

148 

1944 

28 

52 

60 

7 

2 

2 

15 

104 

42 

89 

88 

71 

47 

1945 

8 

3 

5 

2 

2 

47 

170 

133 

134 

76 

111 

76 

64 

1946 

37 

8 

7 

10 

52 

172 

430 

177 

128 

99 

122 

91 

111 

1947 

42 

24 

39 

72 

41 

11 

185 

146 

1 18 

91 

94 

91 

80 

1948 

20 

10 

44 

47 

19 

18 

259 

296 

225 

117 

104 

104 

105 

1949 

81 

27 

28 

47 

59 

169 

341 

193 

119 

89 

114 

99 

114 

1950 

76 

45 

33 

33 

36 

60 

240 

172 

128 

99 

99 

94 

93 

1951 

SS 

39 

47 

28 

38 

145 

392 

153 

106 

81 

104 

74 

105 

1952 

37 

30 

31 

34 

43 

111 

548 

132 

138 

130 

111 

91 

119 

1953 

62 

25 

29 

33 

40 

93 

230 

268 

326 

124 

122 

96 

121 

1954 

93 

64 

46 

31 

20 

16 

81 

128 

81 

78 

109 

94 

70 

1955 

68 

34 

24 

26 

11 

2 

0 

88 

114 

63 

93 

12 

45 

1956 

1957 

1958 
Mean 


3 3 

34  22 

7 15 

36  16 


3 65 

10 
50 
21 


249 

516 

272 

138 

117 

393 

250 

131 

197 

469 

393 

139 

73 

277 

164 

109 

122 

67 

136 

107 

54 

107 

135 

92 

143 

92 

64 

82 

16 

34 

19 


83 

7 

74 


107 

135 

109 


Table  184.  Modified  Mean  Discharges  in  CFS,  Powder  River  near  Robinette,  Oregon 


Wafer — 
Year 

Oct. 

Nov. 

Dec . 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Auk. 

Sept . 

Annual 

1928 

237 

68 

86 

0 

1929 

117 

163 

151 

177 

164 

798 

570 

685 

997 

195 

46 

45 

343 

1930 

78 

123 

171 

102 

308 

270 

412 

489 

407 

81 

34 

47 

209 

1931 

112 

121 

125 

132 

186 

366 

S48 

743 

338 

49 

26 

22 

231 

1932 

50 

114 

154 

128 

179 

1002 

1301 

1593 

1385 

359 

101 

101 

539 

1933 

132 

193 

179 

174 

119 

325 

817 

1172 

2287 

442 

133 

111 

507 

1934 

111 

208 

228 

304 

213 

327 

613 

501 

235 

68 

33 

32 

239 

1935 

81 

161 

171 

137 

141 

159 

613 

769 

723 

154 

62 

45 

268 

1936 

57 

109 

81 

93 

136 

304 

1296 

1312 

528 

114 

65 

54 

345 

1937 

72 

79 

93 

63 

90 

236 

518 

824 

714 

158 

78 

57 

249 

1938 

117 

182 

343 

270 

523 

972 

1423 

1616 

1560 

472 

124 

114 

642 

1939 

143 

176 

189 

140 

123 

898 

1003 

872 

398 

158 

54 

44 

351 

1940 

88 

131 

141 

185 

384 

696 

1380 

950 

783 

166 

62 

198 

429 

1941 

267 

303 

278 

382 

611 

977 

1207 

1358 

1676 

454 

151 

215 

655 

1942 

246 

398 

680 

424 

721 

584 

1845 

1787 

1415 

546 

141 

118 

740 

1943 

151 

203 

229 

761 

611 

966 

1975 

1434 

1566 

1088 

185 

155 

776 

1944 

207 

264 

159 

143 

155 

380 

634 

673 

702 

172 

93 

72 

304 

1945 

98 

178 

128 

193 

438 

442 

768 

140 

1439 

390 

102 

116 

366 

1946 

145 

161 

390 

247 

283 

987 

1728 

1997 

1318 

434 

146 

188 

670 

1947 

195 

313 

291 

190 

683 

551 

709 

1254 

998 

223 

98 

106 

465 

1948 

241 

227 

213 

280 

322 

446 

1025 

2158 

2963 

436 

182 

146 

718 

1949 

218 

215 

236 

137 

362 

1221 

1286 

2229 

997 

224 

81 

72 

608 

1950 

140 

173 

146 

141 

303 

593 

739 

800 

1813 

657 

140 

138 

481 

1951 

215 

229 

301 

293 

506 

553 

1427 

1685 

787 

301 

106 

103 

541 

1952 

207 

197 

218 

252 

490 

860 

2573 

2509 

1612 

571 

135 

151 

813 

1953 

143 

173 

166 

415 

596 

595 

1069 

1590 

2944 

1106 

254 

163 

766 

1954 

236 

200 

189 

249 

369 

420 

618 

872 

765 

333 

143 

128 

376 

1955 

158 

180 

161 

161 

148 

164 

381 

689 

987 

327 

88 

101 

295 

1956 

145 

212 

395 

655 

447 

993 

1894 

2725 

1923 

426 

176 

158 

846 

1957 

198 

173 

169 

239 

632 

993 

1225 

2325 

1575 

280 

120 

109 

669 

1958 

169 

205 

301 

312 

991 

748 

1659 

3579 

2302 

473 

138 

139 

916 

Mean 

151 

192 

223 

246 

374 

628 

1108 

1378 

1271 

362 

110 

108 

512 

Table  185.  Modified  Mean  Discharges  in  CFS,  Snake  River  below  Pine  Creek  at  Oxbow,  Oregon 


Water 

Year 

Oct . 

Nov. 

Dec. 

Jan. 

Feb . 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annual 

1928 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9989 

10652 

0 

1929 

12278 

15141 

14058 

18671 

17661 

22 062 

17236 

12652 

9998 

5460 

9106 

11899 

13824 

1930 

12839 

12857 

14567 

16190 

17241 

15575 

7065 

9171 

6422 

5538 

10028 

12280 

11624 

1931 

13270 

12897 

154  '5 

16707 

14935 

16151 

9077 

4998 

5000 

5138 

10107 

10668 

11189 

1932 

11730 

13159 

15317 

15684 

13676 

21740 

16498 

16219 

12937 

6167 

8971 

11799 

13660 

1933 

12613 

13734 

14571 

17406 

15249 

16496 

12483 

12491 

19828 

5782 

9151 

11410 

13410 

1934 

12236 

13270 

14801 

20426 

16169 

15775 

8753 

5972 

5000 

4998 

8252 

10381 

11319 

1935 

10706 

11600 

13551 

17466 

14519 

14406 

1T215 

7592 

7657 

5350 

8876 

10771 

11124 

1936 

10985 

12252 

13410 

15707 

18767 

17784 

25728 

16569 

12647 

5450 

9476 

11690 

14167 

1937 

12506 

13561 

13922 

17146 

16769 

16476 

13914 

6089 

7867 

5576 

9523 

12292 

12101 

1938 

12871 

12598 

17491 

19797 

18481 

22894 

30975 

26457 

25278 

9782 

9549 

10610 

18043 

1939 

13306 

14240 

15081 

17917 

15609 

22252 

20799 

10241 

6758 

6169 

9533 

12310 

13671 

1940 

12566 

12991 

14551 

18866 

19386 

22164 

20408 

14031 

8578 

5963 

9275 

13604 

14344 

1941 

13455 

1444U 

15717 

19748 

19822 

20995 

12284 

i 1720 

15208 

6691 

11517 

12112 

14443 

1942 

12956 

14050 

18460 

20055 

19723 

18405 

21164 

18779 

20508 

7293 

9602 

12391 

16076 

1943 

12935 

14791 

17470 

21837 

31649 

33933 

68718 

27888 

27138 

15850 

10288 

11470 

24373 

1944 

14205 

15090 

15821 

18866 

20735 

19675 

16031 

6867 

19231 

4998 

9723 

12015 

14392 

1945 

13215 

13862 

15497 

16071 

17373 

17665 

13505 

17855 

21977 

6489 

9880 

12146 

14598 

1946 

13997 

13243 

17382 

23294 

24998 

36164 

46929 

26418 

15208 

6893 

9515 

12341 

20480 

1947 

14224 

15530 

18650 

21276 

21854 

23540 

25369 

17549 

15028 

5938 

9345 

11820 

16632 

1948 

12855 

14890 

16681 

21135 

17874 

19075 

17604 

23878 

29247 

7093 

9254 

11900 

16768 

1949 

14754 

14430 

15891 

18896 

20292 

23520 

30894 

22538 

12418 

6455 

9749 

11741 

16764 

1950 

13185 

12320 

13941 

20166 

21694 

22640 

35089 

14971 

22967 

11291 

10428 

12070 

17497 

1951 

16434 

16631 

19250 

23045 

28969 

28475 

47398 

30356 

17638 

7473 

10938 

11810 

21454 

1952 

15424 

15280 

20800 

23966 

24513 

34214 

72257 

50772 

23407 

9811 

10078 

12423 

26037 

1953 

13470 

13440 

15211 

23766 

20723 

22408 

20729 

16229 

35037 

9452 

9995 

11850 

17640 

1954 

13945 

13991 

15650 

20036 

20063 

22395 

25780 

16600 

16658 

7333 

9727 

11260 

16079 

1955 

13766 

13640 

15050 

18486 

16079 

14257 

14581 

10673 

11168 

6922 

9901 

10872 

12929 

1956 

12985 

13971 

21772 

23675 

24201 

30260 

47327 

32556 

29458 

8062 

11158 

15120 

22495 

1957 

15935 

15660 

17460 

19356 

23912 

25263 

41437 

41624 

28338 

7512 

10808 

12984 

21642 

1958 

16255 

15430 

17421 

20636 

24629 

24606 

42701 

36055 

23528 

10920 

11830 

13120 

21376 

Mean 

13399 

13966 

16166 

19547 

19907 

22047 

26464 

18864 

17071 

7262 

9853 

11972 

16338 

AnnuOl  Meon  Discharge  , c f s 
Maximum  months  2,05f 

Moximum  yeor  1,60^ 

20  percent  of  time  31? 

Mean  months  252 

80  percent  of  iime  62 

Minimum  yeor  3( 

Minimum  months  3f 


Annual  Mean  Discharge 
Mojimum  months 
Maximum  year 
20  percent  of  time 
Mean  months 
80  percent  of  time 
Minimum  year 
Minimum  months 


Period  1929-1958 
1970  Conditions 
Dromoge  oreo 
j 1 1, 160  sq  mi 


Period  1929-1958 
1970  Conditions 
Drainage  area 

j 1 2,630  sq  mi 


Maximum  Year 


Minimum  Year 
onq 

yj—  Minimum 


^Minimum 


Percent 


MONTHS 


MONTHS 


Monthly  discharge,  Owyhee  River  below  Owyhee 
Dam, Oregon 


Figure 


Monthly  discharge,  Bruneau  River  nr  Hot  Spring 
Ida. 


igure 


Annual  Mean  Discharge,  cfs 
Maximum  months  4763  • 

Maximum  year  4207 

20  percent  of  time  33?4  - 

Mean  months  2619 

80  percent  of  time  1972  - 

Minimum  year  1291 


Annual  Mean  D'SChorge  , c f S 
Maximum  months  2,906 

Maximum  year  2,325 

20  percent  of  time  1,690 
Mean  months  960 

80  percent  of  time  410  ff 
Minimum  year  289  / \ 

Minimum  months  282  / 1 


Period  1929-1958 
1970  Conditions 
Dromoge  area 

| 3,820  sq  mi 


Minimum  months 


Minimum 
i Year 


Minimum 


MONTHS 


MONTHS 


Figure  313  Monthly  discharge,  Boise  River  at  Notus.ldoho 


Figure  312  Monthly  discharge,  Boise  River  nr  Boise,  Ida 
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Period  1929-1958 
— 1970  Conditions 
Drainage  area 

i 2.680 

r 

q.  mi  .. 

— 

Moximun 

Year 

1 
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0 J 

M 

Annuol  Meon  Qischotge  ,t  f s 
Maximum  months  8 

Moximum  year  5! 

20  percent  of  time  2 

Mean  months  |( 

80  percent  of  time 
Minimum  year  ; 

Minimum  months 


Annual  Mean  Discharge  , c t s 
Moximum  months  4,f 

Moximum  yeor  4jl 

20  percent  of  time  4£ 

Meon  months  3,( 

80  percent  of  time  2, 

Minimum  yeor  l£ 

Minimum  months  1/ 


\ p«noa  1929  -»958 
1970  Con4i».ons 
Oromoge  oreo 
_ 2,230  sq  mt 


Minimum  Year 


Percent 


■f/Trumum 


MONTHS 


MONTHS 


Figure  314 


Monthly  discharge,  Malheur  River  at  Little  Valley 
nr.  Hope,  Oregon. 


Monthly  discharge,  Payette  River  near  Horseshoe 
Bend  , Idaho. 


Annual  Mean  Discharge  , c f s 
Maiimum  months  5,490 

Maximum  year  4,521 

20  percent  of  time  1,682 

Mean  months  2,707 

80  percent  of  time  3,722 

Minimum  year  1,430 

Minimum  months  1,274 


Annuo'  Mean  Discharge  , c f s 
Maximum  months  2,625 

Maximum  year  1,905 

20  percent  of  time  1,509 
Mean  months  1,004 

80  percent  of  time  535 
Minimum  yeor  424 

Minimum  months  270 


Period  1929-1958 
1970  Conditions 
Drainage  area 
A _i_  3.240  sq  mi 


Period  1929-1958 
1970  Conditions 
Dromage  areo 

; 1,460  sq  mi 


Minimum  Year 


Monthly  discharge,  Payette  River  near  Payette,  Ida 


Monthly  discharge,  Weiser  River  near  Weiser,  Idaho 
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MEAN  DISCHARGE,  THOUSAND  CUBIC  FEET  PER  SECOND  | MEAN  Dl SCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND 


Annua<  Meon  D'SChOrgf  , C t S 
Maximum  months  I' 

MOnmum  yeor 

20  oercent  of  time  I 

Meon  months 
80  percent  of  time 
Minimum  yeor 
Minimum  months 


Penoo  i929-<956 
1970  Conditions 
D'Oinoge  Oreo 

4.  309  sq  mi 


AnnuOl  Meon  D'SChorqe  , c f S 
Maximum  montns  26,746 

Monmum  yeor  24,491 

20  percent  of  time  18,915 

Mean  months  15,074 

80  percent  of  time  11,119 

Minimum  year  9,697 

Minimum  months  9,190 


Period  1929-1958 
(970  Conditions 
Dromage  oreo 

. 69,200  sq  mi 


Minimum  Year 


t«num_ 


Minima' 


MONTHS 


MONTHS 


Figure  Monthly  discharge.  Burnt  River  near  Hereford  .Oregon 


318  Monthly  discharge,  Snake  River  af  We>ser , Ida 


Annual  Mean  Discharge  , c f s 
Mai'-rium  months 
Maximum  year 
20  percent  of  time 
Mean  months 
80  oercent  of  time 
Minimum  yeor 
Minimum  months 


Period  1929 -'958 
1970  Conditions 
Drainage  oreo 
L_  1,660  sq  mi 


Minimum 


MONTHS 


MONTHS 


Figure  3 21  Monthly  discharge,  Snake  River  below  Pine  Crfek 

at  Oxbow  , Oregon 


Monthly  discharge,  Powder  River  near  Robinette 
Oregon 
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i Annual  Meon  Discharge  , c f s 

Period  1929-1958 

1 Woii'nu'n  month 

s 28,844 

1 I97( 

) Conditions  -j 

j Maximum  yeor 

26,037 

Dromoge  area 
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, Mean  months 
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RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 

Frequency  curves,  Boise  River  near  Boise, Idaho  Figure  323  Frequency  curves,  Owyhee  River  below  Owyhee  Dam, Oregon 


444 


RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 

Figure  527  Frt  |uency  curves,  Payette  River  near  Horseshoe  Bend,  Idaho  Figure  526  Frequency  curves,  Malheur  River  at  Little  Valley  near  Hope,  Oregon  Sh  2 of  2 


t 


I\J  l£> 


QN033S  83d  1333  31803  QNVS00H1  ' 398VH3SICI  NV3W 


0N0D3S  83d  133d  31003  QNVSOOH1  * 398 VH3SIQ  NV3W 


RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 

Figure  330  Frequency  curves,  Snake  River  at  Weiser, Idaho  Figure  331  Frequency  curves,  Burnt  River  neor  Hereford , Oregon 
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33M  Duration  curves,  Bruneau  River  near  Hot  Spring  , 
Idaho. 


Figure  335  Duration  curves,  Owyhee  River  below  Owyhee  Dam, 
Oregon. 


Figure  336  Duration  curves,  Boise  River  near  Bo.se,  Idaho 


Figure  337  Duration  curves,  Boise  River  at  Notus, Idaho 


Period  1929  - 1958 
1970  Conditions 


Jiows 1 


0 10  20  30  40  50  60  70  80  90  100 

PERCENT  OF  TIME  EQUALED  OR  EXCEEOEO 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Duration  curves,  Payette  Rive*  near  Horseshoe 
Bend  , Idaho 


Figure 


Figure  538  Duration  curves,  Malheur  River  at  Little  Valley 
near  Hope .Oregon. 


Period  1929  1958 
1970  Conditions 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Figure  3M0  Duration  curves,  Payette  River  near  Payette , Idaho  Figure 


Duration  curves,  Weiser  River  near  Weiser , Idaho 
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Period  1929-1958 
1970  Conditions 
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PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


342  Duration  curves,  Snake  River  at  Weiser  , Idaho. 


Figure  343  Duration  curves,  Burnt  River  near  Hereford  .Oregon 


Period  1929  - 1958 
1970  Conditions 


Period  1929  - 1958 
1970  Conditions 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


344  Duration  curves,  Powder  River  near  Robinette 
Oregon 


Duration  curves,  Snake  River  below  Pine  Creek  at 
Oxbow  , Oregon 
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EXCEEDENCE  FREQUENCY  PER  HUNDRED  YEARS 


Frequency  curve  of  annual  peak  flow*,  Snake  River  of  Oxbow , Oregon 


luble  186.  Dependable  Yield,  Bruneau  River  near  Hot  Springs.  Idaho  Tahlp  187  ~ , r.-  , , 

^ * lable  187.  Dependable  Yield,  Owyhee  River  below  Owyhee  Dam,  Oregon 
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Table  194.  Dependable  Yield,  Snake  River  at  Weiser,  Idaho  Table  195.  Dependable  Yield,  Burnt  River  near  Hereford,  Oregon 


IfllOffltCOOtOvO'f'T' 


rHNHCOtOCOlO'T'JCOO 


9 ’T'TrttONHOOlOOl 
fOtOtOtOfOtOrObOrsiroiN 
OlOlOlOlOlClOlffiCiOlOi 


rsJbOrJ’LO'Or^OOOYOO 


^•NOWO^'O^OrtOO 

(MMLnN^LnOtNOifOK) 

HtNCTiRlHOfOMTfOlO 


m^toiNHouiooiooi 

tOfObOfOfOfOCMfOCMtOrJ 

oio>oi5i<7ioio>oioiaiai 


HNM’tin'ONOOOlOO 


oooor^ooorsjHr^t^o 


OlO--t^(Nr4rtMvOMN 

(N(NrgrvifObObObOrofOLO 


fH-Hh-f'i/liDh-NCOOO 
rOfOtOMtOtOfOMMin 
I l l I I I I i I i 

OOOil^OOlOOlOiOl 

<7>OYCT»OYQYOYOYOYCT»CT>OY 


<rMbO*3-iOsOr'f»o\oo 

— < to 


BOISE,  IDAHO 


variation  in  precipitation  and  streamflow. 


Figure  : 351  Stream  Profile  - Snake  River  - Oxbow  to  King  Hill 
and  Major  Tributaries. 


Quality 


The  water  quality  of  Subregion  5 is  generally  good,  with 
quality  varying  from  stream  to  stream  and  from  season  to  season. 
The  following  sections  discuss  the  chemical,  biological- 
biochemical,  sediment,  and  temperature  characteristics  of  the 
streams . 


Chemical 


The  natural  chemical  quality  of  the  streams  reflects  the 
difference  in  climate.  Most  of  the  subregion  is  arid  to  semiarid, 
receiving  less  than  20  inches  of  precipitation  per  year.  The 
northeastern  part  of  the  basin,  however,  comprising  the  upper 
reaches  of  the  Boise,  Payette,  and  Weiser  River  Basins  receives  an 
average  of  40  inches  or  more.  Streamflows  in  the  headwaters  areas 
of  the  Boise,  Payette,  and  Weiser  Rivers  are  all  dilute  calcium 
magnesium  bicarbonate  type  waters  containing  less  than  100  mg/1 
(milligrams  per  liter)  dissolved  solids.  The  Bruneau,  Owyhee, 
Malheur,  and  Powder  Rivers,  on  the  other  hand,  are  typical  of  most 
semiarid  tributary  basins  of  the  Snake  River.  They  contain  fairly 
dilute  (100-200  mg/1)  bicarbonate  type  waters  in  their  upper 
reaches.  The  amounts  of  calcium  and  sodium  present  vary , with 
calcium  usually  predominating  during  the  high-flow  periods.  During 
most  of  the  year,  however,  sodium  is  the  predominant  cation. 

Most  of  the  streams  in  this  basin  show  dramatic  downstream 
changes  in  mineral  quality.  In  some  instances,  the  dissolved  sol- 
ids concentration  increases  tenfold  or  more;  and  the  chemical  com- 
position is  altered.  The  Owyhee,  Boise,  and  Malheur  Rivers  are 
those  which  show  the  greatest  change  (figure  352)  . Samples  collected 
monthly  (from  August  1960  through  July  1961)  from  the  Malheur  River 
at  Ontario,  Oregon,  had  an  average  dissolved  solids  concentration 
of  1,040  mg/1.  The  maximum  value  reported  was  1,290  and  the  mini- 
mum was  719  mg/1.  The  water  at  this  site  is  a sodium  bicarbonate- 
sodium  sulfate  type,  with  sodium  accounting  for  an  average  of  62 
percent  of  the  dissolved  cations.  Sulfate  is  the  predominant  anion 
during  the  irrigation  season,  but  bicarbonate  predominates  during 
the  winter. 

There  is  undoubtedly  some  natural  downstream  increase  in 
mineralization  of  the  rivers  as  they  flow  through  this  semiarid 
area,  but  the  effect  of  man's  use  probably  has  an  equal  or  greater 
effect  on  the  chemical  character  of  the  water.  Though  this 
increase  in  mineralization  is  not  actually  enough  to  preclude 
reuse  of  the  water  for  irrigation,  much  of  this  water  would  require 
softening  and  other  treatment  to  meet  municipal,  domestic,  and 
industrial  standards. 
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The  waters  of  the  Bruneau  River  and  some  of  its  tributaries 
contain  fluoride  concentrations  in  excess  of  the  limits  set  for 
drinking  waters  by  the  Public  Health  Service.  The  average  fluoride 
concentration  of  six  samples  collected  from  Little  Valley  Creek 
near  Bruneau  was  9.5  mg/1.  Ten  samples  collected  from  the  Bruneau 
River  at  Hot  Spring  during  the  1959  water  year  averaged  2.7  mg/1. 

Bio logical -Bio chemical 

Streams  within  the  subregion  are  generally  well  aerated,  and 
dissolved  oxygen  concentrations  are  near  saturation.  A persistent 
oxygen  depression  does  occur  in  Brownlee  Reservoir  at  the  lower 
end  of  the  subregion  where  surface  dissolved  oxygen  concentrations 
are  consistently  4 or  5 mg/1  lower  than  the  levels  found  immediate- 
ly upstream.  Dissolved  oxygen  deficiencies  are  suspected  in  down- 
stream reaches  of  the  Boise  River  where,  seasonally,  waste  discharges 
may  constitute  a significant  portion  of  the  flow.  Suspended  organic 
material  resulting  from  food  processing  also  has  resulted  in  sludge 
deposits  in  the  lower  reaches  of  the  Boise  River  and  elsewhere. 
Bacterial  quality  is  variable,  with  some  areas  rendered  unsuitable 
for  water  contact  recreation.  However,  a significant  portion  of 
high  bacteria  counts  may  be  attributable  to  large  animal  popula- 
tions, plants,  and  soil  bacteria. 


Tabic  198  - Dissolved  Oxygen  & Coliform  Organisms  Densities 
Central  Snake  Subregion 


Location 

Dissolved  Oxygen 

Co'lil'orm  Organisms 

mg,  1 

/ 100  ml 

Mean 

Min 

Max 

Mean 

Min  Max 

Succor  Creek  at  llwy  19 

10.7 

9.9 

11.9 

1,923 

230  7,000 

i 

Crooked  Creek  at  Hwy  95 

8.8 

8.1 

9.6 

2,555 

620  7,000 

• 

Owyhee  R.  at  Hwy  95 

10.7 

7.5 

14.0 

455 

130  620 

Jordan  Creek  at  Hwy  95 

8.7 

6.6 

11.1 

218 

60  450 

Owyhee  R.  at  Hwy  201 

9.0 

8.2 

9.  7 

4,700 

2,400  7,000 

Snake  R.  at  Nyssa 

11.1 

5.8 

13.5 

9,781 

60  70,000 

Snake  R.  at  Ontario 

10.8 

6.6 

13.8 

9,45b 

600  70,000 

Malheur  nr.  Vale 

11.4 

7.2 

20.0 

3,225 

600  24 , 000 

Malheur  nr.  Ontario 

10.5 

7 . ^ 

18.4 

2,145 

250  7,000 

Snake  R.  at  Payette 

10.5 

5.7 

13.7 

7,898 

230  24,000 

Snake  R.  at  Weiser 

10.3 

7.0 

13.3 

9,080 

60  70,000 

Powder  R.  nr.  Baker 

10.3 

4.2 

15.6 

8,629 

460  70,000 

The  available 

i nformation 

shown 

on  table 

198 

indicates 

poor  bacterial  quality  at  most  stations  listed,  a situation  which 
is  probably  not  representative  of  the  entire  subregion.  The  down- 
stream reaches  of  the  Boise  River  have  consistently  been  high  in 
coliform  densities,  although  the  situation  has  improved  in  recent 
years,  liven  so,  levels  of  71,000  organisms/ 100  ml  were  recorded 
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in  the  winter  of  1965  when  flows  were  reduced  by  upstream  storage 
dams.  Higher  counts  have  been  measured  in  Indian  Creek,  a tribu- 
tary of  the  Boise  River.  The  chemical  composition  of  water  is 
shown  in  figure  352. 

The  Owyhee,  Malheur,  and  Boise  Rivers  contribute  to  phosphate 
concentrations  in  the  Snake  River  resulting  in  nutrient  conditions 
which  promote  nuisance  aquatic  growth.  As  an  example,  analyses  of 
samples  collected  since  1960  from  the  Malheur  River  near  Ontario, 
Oregon,  show  that  the  mean  total  phosphate  concentration  is  1.2 
mg/1,  with  a maximum  of  almost  5 mg/1;  these  levels  exceed  those 
required  to  stimulate  algal  growth. 


Sediment 


Measurements  of  suspended  sediment  concentration  and  loads 
were  obtained  in  the  Boise  River  Basin  in  1939-40.  Other  data, 
mostly  unpublished,  were  obtained  between  1905  and  1961  in  several 
other  river  basins.  Studies  of  these  data  suggest  that  suspended 
sediment  was  little  more  than  half  the  total  load.  (30)  In  addi- 
tion, suspended  sediment  samples  showing  instantaneous  concentra- 
tions as  high  as  20,700  mg/1  were  obtained  during  recent  floods  as 
shown  on  figure  353.  Data  on  reservoir  sedimentation  were  obtained 
in  Elmore,  Ada,  Boise,  Payette,  and  Washington  Counties  (Idaho)  in 
1951.  The  sediment  yields  shown  on  figure  353  indicate  that  pro- 
duction ranges  between  0.02  and  1.5  acre-feet  per  square  mile  per 
year.  (30)  Only  in  one  small  area  near  Boise  does  yield  exceed 
0.5  acre-foot  per  square  mile  per  year;  most  of  the  subregion 
yields  between  0.1  and  0.2.  (30)  The  predominant  sources  of  finer 
sediment  are  sheet  and  rill  erosion  in  the  upland  watersheds. 
Additional  amounts  of  fine  sediment  have,  in  the  past,  been  con- 
tributed by  placer  mining  operations.  Some  of  the  coarser  sand  is 
derived  from  sheetwash  on  steep  mountain  slopes,  particularly  where 
the  vegetation  has  been  depleted  by  intensive  grazing. 


Water  Temnerature 


Water  temperature  profiles  for  the  main  stem  Snake  River 
from  King  Hill  to  the  mouth  appear  in  the  weekly  and  monthly  re- 
ports of  the  Geological  Survey.  In  the  reach  of  the  river  covered 
by  Subregion  5 (King  Hill  to  Oxbow),  data  from  four  stations  are 
used  in  constructing  these  profiles.  Two  of  the  stations  have  been 
reporting  temperatures  since  1952,  but  temperature  data  from  the 
other  two  are  more  recent.  Average  conditions  have  not  yet  been 
adequately  identified  at  the  latter  two  stations;  therefore,  a 
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temperature  profile  has  not  been  constructed  for  this  report. 
Instead  maximum,  minimum,  and  mean  monthly  water  temperatures  are 
shown  on  figure  354  for  the  Snake  River  at  king  Hill  and  at  Oxbow- 
Dam.  Also  shown  are  data  for  the  Boise  River  at  N'otus,  where 
records  have  been  taken  for  several  years. 


GROUND  WATIiR 

Five  aquifer  units  furnish  important  supplies  of  ground 
water  at  various  places  in  Subregion  5.  Two  of  these  are  composed 
of  sedimentary  deposits  and  three  are  chiefly  of  volcanic  materials. 
All  five  are  Miocene  to  Holocene  in  age. 

Water  quality  generally  ranges  from  fair  to  excellent;  the 
dissolved  solids  content  commonly  is  less  than  500  mg/1.  However, 
at  some  places  the  older  volcanic  rock  aquifers  yield  water  with 
higher  concentrations  of  dissolved  solids,  sometimes  with  excessive 
sodium,  occasionally  with  excessive  fluoride. 

Reports  of  12  areal  investigations  describe  aquifers  and 
ground-water  conditions  in  parts  of  Subregion  5.  (10,  23,  28,  41, 

08,  86,  94,  99,  124,  152,  161,  180) 


■ 
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Aquifer  Units  and  Their  Hydrologic  Characteristics 

Eight  aquifer  units  are  delineated  and  are  shown  on  the  map, 
figure  355.  Five  of  these  yield  moderately  large  supplies  at  places 
and  are  important  in  the  development  and  utilization  of  ground  water. 

In  Idaho,  aquifer  unit  boundaries  are  based  on  the  geologic 
map  of  Idaho  (133);  in  Nevada,  the  unpublished  map  compiled  by 
Montgomery  (79)  was  used;  and,  in  Oregon,  a number  of  geologic  maps 
of  varying  scale  and  detail  (7  and  185)  were  utilized  in  compiling 
the  aquifer  unit  map.  Inconsistencies  appear  on  the  aquifer  unit 
map  because  of  the  considerable  number  of  sources  of  information, 
large  differences  in  detail  shown,  and  differences  in  interpretation 
of  the  geology.  For  example,  lower  Pliocene  basalt  is  included 
with  the  younger  volcanic  rock  (QTv)  in  one  area  but  is  included 
as  Tertiary  basalt  (Tb)  in  another. 

The  alluvial  deposits  of  Quaternary  age  (Qal)  include  stream 
alluvium  underlying  the  present  flood  plain;  alluvium  underlying 
benches  and  terraces;  outwash  and  other  glacial  deposits,  lacus- 
trine silt,  clay,  and  fine  sand;  and  windblown  sand  deposits. 

Locally,  some  alluvial  deposits  are  interbedded  with  the  younger 
basaltic  lavas  (QTv)  and  are  included  with  that  aquifer  unit. 

Porous  and  permeable  coarse  sand  and  gravel  deposits  are  extensive 
along  the  Snake  River  Valley  and  in  the  Boise,  Payette,  VVeiser, 
Malheur,  and  Baker  Valleys.  They  are  thick  enough  in  most  of  the 
larger  valleys  to  yield  moderately  large  to  large  quantities  of 
ground  water.  Yields  from  50  to  150  feet  of  the  coarser  material 
commonly  are  500  to  2,500  gpm. 

The  volcanic  rocks  of  late  Tertiary  and  Quaternary  age 
(QTv)  include  basalts  in  the  Snake  River  and  Idaho  groups.  (72) 

These  lavas  and  the  interbedded  pyroclastics  and  alluvial  deposits 
• constitute  one  of  the  most  prolific  aquifer  units  in  the  subregion. 

, The  lava  flows  usually  range  in  thickness  from  about  10  to  50  feet, 

. probably  averaging  20  to  25  feet.  The  central  part  of  an  individual 

flow  generally  has  low  permeability;  however,  the  upper  surfaces 
of  most  flows  are  irregular,  and  sometimes  very  rough  and  blockv. 

The  permeable  zone  resulting  where  subsequent  flows  did  not  com- 
pletely fill  these  openings  makes  these  rock  sequences  good  aquifers. 
Scoria,  coarse  cinders,  or  gravel  are  interbedded  in  the  lavas  at 
places  and  also  are  good  aquifers.  Silt  or  clay  interbeds,  how- 
ever, greatly  reduce  the  permeability  of  the  interflow  zones. 

Large  yields  are  obtained  from  the  basalt  south  of  Nampa  and  Boise, 
between  Boise  and  Mountain  Home,  and  in  the  vicinity  of  Mountain 
Home.  Where  the  saturated  thickness  is  100  to  200  feet,  wells 
commonly  yield  1,000  to  3,000  gpm  with  a few  feet  of  drawdown. 


The  sedimentary  deposits  of  Quaternary  and  Tertiary  age  (QTs) 
include  sediments  of  the  Snake  River  and  Idaho  groups,  the  Payette 
Formation,  and  similar  strata.  These  deposits  consist  of  thick 
sections  of  silt,  tuffaceous  siltstone,  sandstone,  clay,  and  fine 
sand,  with  thinner  lenses  of  medium  to  coarse  sand  and  gravel  that 
are  moderately  permeable.  Lava  flows  are  interbedded  in  the  de- 
posits at  some  places.  At  many  places  the  unit  furnishes  100  to 
1,000  gpm  to  wells  a few  hundred  feet  deep.  Specific  capacities 
generally  range  from  5 to  60  gpm  per  foot  of  drawdown.  In  general, 
the  younger  strata  in  the  Snake  River  and  Idaho  groups  and  equiva- 
lent strata  of  middle  Pliocene  to  Pleistocene  age  are  considerably 
better  aquifers  than  the  Payette  Formation  and  equivalents  of 
Miocene  and  lower  Pliocene  age.  However,  the  maps  available  do  not 
permit  separating  the  two  groups.  Irrigation  supplies  are  obtained 
from  this  unit  in  the  Dry  Lake  area  south  of  Nampa  and  in  the 
Bruneau-Grand  View  area. 

The  silicic  volcanic  rocks  (Tsv)  include  latite  and  rhyolite 
flows,  dacite,  welded  tuff,  stratified  tuff,  tuffaceous  silt,  and 
some  conglomerate  beds.  The  porosity  and  permeability  are  highly 
variable,  and  yields  of  individual  wells  range  widely.  Joints  and 
fault  zones  in  dense  rocks  and  coarser-grained  clastic  and  pyroclas- 
tic rocks  probably  would  yield  moderate  to  large  supplies  of  water 
at  favorable  locations.  The  massive  unbroken  rocks  yield  little 
water.  No  data  are  available  regarding  yields  of  wells  in  this 
unit  in  Oregon;  but  in  the  Bruneau-Grand  View  area  of  Idaho,  large 
yields  are  obtained  from  deep  wells  drilled  for  irrigation  supply. 
(68-161)  Small  to  moderate  yields  generally  are  available  for 
stock  and  domestic  use. 

Basaltic  lavas  (Tb) , including  the  Columbia  River  Group  and 
similar  rocks  of  Miocene  to  lower  Pliocene  age,  form  wide  upland 
segments  and  are  important  aquifers,  particularly  in  Oregon.  The 
basalt  is  light  to  dark  gray;  jointing  is  irregular  to  columnar, 
but  locally  is  platy.  The  flows  generally  are  25  to  100  feet  thick. 
Interbeds  of  tuff,  ash,  and  sand  and  gravel  are  common.  Individual 
flows  generally  have  low  permeability,  but  some  of  the  zones  at  and 
adjacent  to  the  contacts  of  successive  flows  are  moderately  perme- 
able. Where  several  interflow  zones  are  penetrated,  moderate  to 
moderately  large  yields  are  usually  obtained.  Important  supplies 
are  obtained  from  this  unit  at  several  places  including  the  upper 
Weiser  Valley,  Cow  Valley,  and  in  the  Malheur  Basin. 

A large  area  in  Oregon  and  most  of  Nevada  have  been  mapped 
in  only  a very  general  way.  These  areas  have  been  shown  on  various 
maps  as  being  underlain  by  Miocene  or  younger  volcanic  and  sedi- 
mentary rocks.  In  this  report  they  are  shown  as  Quaternary  and 
Tertiary  volcanic  and  sedimentary  rocks  (QTvs)  and  are  equivalent 
to  other  aquifer  units  (QTv , QTs,  Tsv,  and  Tb)  that  are  shown 
separately  on  other  parts  of  the  map. 
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The  older  volcanic  and  sedimentary  unit  (Tvs)  includes  a 
variety  of  rocks,  chiefly  of  volcanic  origin,  ranging  in  age  from 
Eocene  to  Miocene(?) . Two  areas  of  the  Clarno  Formation  north  of 
the  Malheur  River  (7)  and  a small  area  of  Challis  volcanics  at  the 
head  of  the  South  Fork  Boise  River  are  included  in  the  unit.  Both 
the  Clarno  Formation  and  the  Challis  volcanics  include  rhyolitic 
to  basaltic  flows,  welded  tuff,  breccia,  and  tuffaceous  sedimentary 
rocks.  The  little  information  available  suggests  that  the  rocks 
have  low  porosity  and  permeability  and  generally  yield  only  small 
supplies  for  domestic  and  stock  use.  A few  wells  have  moderate 
yields  from  coarse-grained  or  greatly  fractured  rocks. 

All  rocks  older  than  Tertiary  are  grouped  into  the  pre- 
Tertiary  aquifer  unit  (pT) . Included  are  granite  and  other  intrusive 
igneous  rocks;  gneiss,  schist,  greenstone,  and  similar  metamorphic 
rocks;  and  stratified,  consolidated  sedimentary  rocks  such  as  shale, 
limestone,  sandstone,  and  conglomerate.  Generally,  the  porosity  and 
permeability  of  these  rocks  are  very  low;  and  most  wells  have  only 
small  yields,  although  rarely  a well  may  encounter  faults,  joints, 
or  cavities  in  limestone  and  have  a moderate  to  large  yield.  The 
pre-Tertiary  rocks  have  a moderately  deep  zone  of  weathering  that 
is  considerably  more  porous  and  permeable  than  the  underlying  rock. 
The  weathered  zone  supports  many  small  springs,  and  shallow  dug 
wells  in  it  generally  yield  adequate  supplies  for  domestic  use. 

The  chief  importance  of  the  aquifer  unit  is  in  supplying  a large 
volume  of  fairly  short-term  storage  that  maintains  the  base  flow  of 
streams  draining  the  mountainous  areas. 

Summary  descriptions  of  the  aquifer  units,  their  general 
hydrologic  characteristics,  and  the  general  quality  of  water  yielded 
by  them  are  given  in  table  199.  The  general  availability  of  ground 
water  is  shown  in  figure  356;  large  areas  are  marked  as  "unknown" 
because  the  geology  is  little  known  and  few  well  records  are  avail- 
able. For  maximum  usefulness,  the  maps  showing  aquifer  units  and 
the  general  availability  of  ground  water,  figures  355  and  356, 
should  be  used  together. 


: 

k 

I 

il 


Water  in  Storage 


A rough  estimate  of  the  quantity  of  water  in  storage  in  each 
aquifer  unit  in  a specified  depth  interval  below  the  water  table  is 
presented  in  table  200. 


Specific  yield  values  were  assigned  as  described  in  the 
Regional  Summary  and  in  the  section  on  Subregion  4. 


Map  Symbol  and 

ideologic  Relations Lithologic  Description Hydrologic  Characteristics Water  Quality 
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Table  200  - Storage,  Recharge,  and  Discharge  of  Ground  Water 
in  Aquifer  Units  in  Subregion  S 


Area 

Storage 

Annual 

Natural  Recharge 
and  Discharge 

Aquifer 

Unit 

Acres 

Specific 

Yield 

Depth 

Used 

Water 
(1000 ' s 

Inches 

Over 

(1000  ’ s 

Sq.  Mi 

(1000 1 s) 

(percent) 

(ft) 

ac-ft) 

Area 

ac-ft) 

Qal 

3,000 

1,920 

20 

50 

19,200 

12 

1 ,920 

QTv 

4,680 

3,000 

5 

100 

15,000 

2 

500 

QTs 

6,420 

4,100 

10 

100 

41,000 

1 

340 

Tsv 

3,650 

2,300 

2 

100 

4,600 

1 

200 

Tb 

6,260 

4,000 

1 

100 

4,000 

1 

330 

QTvs  1/ 

4,670 

3,000 

5 

100 

15,000 

1 

250 

Tvs 

460 

290 

2 

50 

290 

1 

25 

PT 

7,420 

4,750 

1 

50 

2,400 

3 

1,200 

TOTAL 

(rounded) 

36,600 

23,360 

100,000 

5,000 

1 J Includes  volcanic  and  sedimentary  rocks  of  Quaternary  and  late 
Tertiary  age  corresponding  to  the  younger  volcanic  rocks  (QTv) , 
younger  sedimentary  rocks  (QTs) , silicic  volcanic  rocks  (Tsv)  and 
Tertiary  basalt  (Tb). 


Because  the  volcanic  and  sedimentary  rocks  of  Quaternary 
and  Tertiary  age  (QTv,  QTs,  Tsv,  and  Tb)  occur  largely  in  water- 
short  areas,  a depth  interval  of  100  feet  was  used  for  these  units. 

A depth  of  50  feet  was  used  for  the  alluvial  deposits  (Qal) , the 
older  volcanic  and  sedimentary  rocks  (Tvs),  and  the  pre-Tertiarv 
rocks  (pT) . 

About  100  million  acre-feet  of  water  are  stored  in  the 
specified  depth  interval  in  Subregion  5 (table  200)  . More  than 
30  percent  of  this  water  is  in  the  two  most  important  aquifer  units, 
the  alluvial  deposits  (Qal)  and  the  younger  volcanic  rocks  (QTv). 
Large  volumes  of  water  also  are  contained  in  the  Quaternary  and 
Tertiary  sediments  (QTs)  and  the  Tertiary  volcanic  rocks  (QTvs, 

Tb) . However,  in  the  Owyhee  area  in  Idaho,  Nevada,  and  Oregon  the 
water  table  may  be  many  hundreds  of  feet  below  land  surface,  thus 
making  the  stored  water  more  expensive  to  recover. 
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Natural  Recharge  and  Discharge 

The  older  Tertiary  volcanic  and  sedimentary  rocks  (Tvs)  and 
the  pre-Tertiary  rocks  (pT)  are  largely  confined  to  mountainous, 
areas.  Recharge  to  these  units  is  almost  entirely  from  precipita- 
tion and  snowmelt.  There  is  little  recharge  during  the  summer  months 
(July-September)  . Discharge  from  these  units  is  into  the  many  small 
streams  draining  them  and  at  some  places  is  directly  into  the  larger 
streams.  However,  part  of  the  discharge  from  these  rocks  is  by 
lateral  inflow  to  the  alluvial  deposits  and  younger  volcanic  rocks 
underlying  the  valleys.  Tertiary  basalt  (Tb)  and  Tertiary  and 
Quaternary  sedimentary  rocks  (QTs)  underlie  extensive  plateau  and 
upland  areas  north  of  the  Snake  River  Valley  in  Idaho  and  the 
Malheur  Valley  in  Oregon.  Southward,  the  upland  and  plateau  areas 
are  partly  underlain  by  these  two  aquifer  units,  but  in  larger  part 
by  the  Tertiary  silicic  volcanic  rocks  (Tsv)  and  Tertiary  and 
Quaternary  volcanic  rocks  (QTv) . The  aquifers  of  all  these  upland 
and  plateau  areas  are  recharged  chiefly  by  direct  precipitation  and 
snowmelt,  and  to  some  extent  by  influent  seepage  from  streams  drain- 
ing the  older,  less  permeable  rocks  of  the  mountainous  areas. 
Generally,  only  the  major  streams  receive  effluent  seepage  from 
the  Tertiary  basalt  (Tb) , silicic  volcanic  rocks  (Tsv),  younger 
sedimentary  deposits  (QTs) , and  younger  volcanic  rocks  (QTv)  under- 
lying the  upland  areas;  the  smaller  streams  are  above  the  regional 
water  table  and  are  intermittent  and  influent.  One  or  more  of  the 
four  above-mentioned  aquifer  units  underlies  each  of  the  major 
valleys  or  basins,  and  ground  water  moves  from  upland  areas  through 
these  aquifer  units  into  the  valleys  and  basins  where  it  discharges 
into  streams,  or  leaks  upward  under  artesian  pressure  to  recharge 
overlying  shallower  aquifers.  Hydrographs  of  observation  wells  are 
shown  in  figure  357. 

Recharge  in  the  valleys  and  basins  is  partly  from  lateral 
ground-water  inflow  and  precipitation,  but  is  chiefly  from  irriga- 
tion. Discharge  is  into  drains,  small  streams,  and  major  trunk 
streams.  Some  of  this  water  is  rediverted  for  irrigation. 

A rough  estimate  of  annual  recharge  and  discharge  of  aquifer 
units  is  given  in  table  200.  Total  gross  annual  recharge  and  dis- 
charge is  estimated  to  be  about  5 million  acre-feet.  The  quantity 
of  ground  water  recycled  is  not  known,  but  is  estimated  at  about 
1 million  acre-feet,  leaving  a net  annual  recharge  and  discharge  of 
4 million  acre-feet.  The  Boise  Valley  above  Notus , an  area  of 
234,000  acres,  was  estimated  by  Nace  (94-48,  table  16)  to  have  an 
annual  ground-water  supply  of  951,000  acre-feet.  That  part  of  the 
Boise  Valley  is  less  than  20  percent  of  the  total  area  of  comparable 
valleys  in  Subregion  5,  so  the  estimate  of  4 million  acre-feet  net 
annual  recharge  and  discharge  may  be  low. 
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Annual  Ground-Water  Withdrawal 


Annual  ground-water  withdrawal  based  on  1967  data  and  pro- 
jected to  1970  (table  201)  is  estimated  to  be  about  630,000  acre- 
feet.  A little  more  than  500,000  acre-feet  a year  is  withdrawn  for 
irrigation,  chiefly  from  the  alluvial  deposits  (Qal)  and  the  younger 
volcanic  rocks  (QTv) ; but  considerable  quantities  also  are  withdrawn 
from  the  other  volcanic  and  sedimentary  rock  aquifers  (QTs , Tsv,  and 
Tb) . 


Chemical  Quality  of  Water 


Total  dissolved  solids  generally  are  less  than  300  mg/1  for 
water  in  the  alluvial  deposits  and  less  than  500  mg/1  in  water  from 
the  younger  volcanic  rocks.  The  water  is  chiefly  of  the  calcium 
magnesium  bicarbonate  type  and  is  moderately  hard  to  very  hard. 

Sodium  concentrations  are  high  in  some  samples  and  the  water  is 
soft.  Heron  and  fluoride  generally  are  less  than  0.5  mg/1  and 
1 mg/1,  respectively.  Apparently  there  is  some  deterioration  of 
water  quality,  including  an  increase  in  sodium  percentage  because 
of  recirculation  of  water  used  for  irrigation.  A general  deteriora- 
tion in  water  quality  in  a downstream  direction  was  reported  for  the 
Boise  Valley.  (94-72) 

Water  in  the  sedimentary  deposits  (QTs)  generally  has  dis- 
solved solids  concentrations  of  less  than  500  mg/1  and  the  water  is 
soft  to  hard.  The  percent  sodium  ranges  from  low  to  high;  fluoride 
is  excessive  at  some  places. 

Water  from  the  Tertiary  basalt  (Tb)  usually  has  dissolved 
solids  concentrations  of  less  than  300  mg/1.  It  is  of  the  calcium 
bicarbonate  type  and  is  moderately  hard  to  hard,  but  at  a few 
places  sodium  is  high  and  the  water  is  soft.  Silica  ranges  from 
40  to  60  mg/1;  boron  is  very  low. 

Water  from  the  silicic  volcanic  rocks  (Tsv)  in  the  Bruneau- 
Grand  View  area  has  dissolved  solids  concentrations  of  less  than 
500  mg/1,  is  soft,  and  generally  has  high  silica  and  sodium  con- 
centrations. Fluoride  frequently  is  excessive,  but  boron  usually 
is  less  than  1 mg/1.  Water  from  many  wells  is  warm  to  hot. 

Little  information  is  available  regarding  the  chemical 
character  of  water  in  the  older  volcanic  and  sedimentary  rocks 
(Tvs).  The  concentration  of  dissolved  solids  is  mostly  less  than 
500  mg/1.  Sodium  concentrations  are  high  at  some  places.  Most  of 
the  water  from  shallow  depths  in  the  pre-Tertiary  rock  unit  (pT) 
is  low  in  dissolved  solids.  It  is  chiefly  of  the  calcium  bicarbon- 
ate type  and  soft  to  moderately  hard.  Water  from  limestone  generally 
is  hard  to  very  hard. 
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Table  201  - Estimated  Ground-Water  Withdrawal  and  Consumptive  Use, 

Subregion  5,  1970 


1/ 

2/ 

3/ 

4/ 

5/ 

6/ 


Self-supplied 
Assumed  to  be 
Assumed  to  be 
Estimated  use 
Assumed  to  be 


industrial . 

5 percent  of  gross  withdrawal. 
20  percent  of  gross  withdrawal. 
100  gallons  per  day  per  person. 
50  percent  of  gross  withdrawal. 


Ac-ft  per 

year;  all 

quantities  in 

thousands 

Idaho 

Oregon 

Nevada 

Total 

I rrigation 

Acres  irrigated 

150.0 

7.0 

0.5 

157.0 

Withdrawal 

500.0 

24.0 

1.0 

525.0 

Consumptive  use 

250.0 

12.0 

- 

260.0 

Industrial!-/ 

Withdrawal 
Consumptive  use— 

37.0 

4.3 

- 

41.3 

1.8 

# 2 

- 

2.0 

Public  Supplies 

Persons  served 

153.0 

21.0 

- 

174.0 

Withdrawal 

42.0 

5.3 

- 

47.0 

Consumptive  use—' 

8.4 

1 . 1 

- 

10.0 

Rural-Domestic 

Persons  served 

102.0 

13.0 

1.0 

116.0 

Withdrawal!./ 

10.4 

1 .4 

. 1 

12.9 

Consumptive  use—/ 

5.2 

. 7 

- 

5.9 

Stock 

Withdrawal  and 

consumptive  use— 

3.06 

1.20 

.17 

4.43 

TOTAL  WITHDRAWAL  (rounded) 

TOTAL  CONSUMPTIVE  USE  (rounded) 

630.0 

280.0 

Assumed  that  all  water  withdrawn  is  consumed. 


There  are  more  thermal  springs  listed  for  Idaho  by  Waring 
(196-26,  figure  4)  than  for  any  other  state,  and  probably  more 
than  half  are  in  Subregion  5.  Large  numbers  of  hot  springs  issue 
from  granite  of  the  pre-Tertiary  rock  unit  (pT)  , apparently  alojig 
faults.  Hot  springs  in  the  Bruneau  and  Boise-Mountain  Home  areas 
issue  from  sedimentary  rocks  (QTs)  or  volcanic  rocks  (Tsv,  QTv) ; 
but  they  probably  are  of  deep  origin,  rising  along  fault  planes. 

A number  of  artesian  wells  yield  similar  waters  in  those  areas. 
According  to  Walker  (180-81)  , sodium  bicarbonate  water  is  the  most 
common  thermal  water.  A second  type  is  sodium  chloride  water. 
Generally,  the  concentration  of  dissolved  solids  is  less  than 
1,000  mg/1;  but  concentrations  ranging  up  to  9,200  mg/1  have  been 
noted.  The  maximum  temperature  listed  by  Waring  is  190°F. 


Present  Use  and  Future  Availability 

Estimates  of  ground-water  withdrawal  and  consumptive  use 
are  given  in  table  201.  Total  withdrawal  for  all  uses  is  estimated 
to  be  about  630,000  acre-feet  as  of  1970.  Consumptive  use  is 
estimated  to  be  about  280,000  acre-feet.  Average  annual  net  with- 
drawal of  ground  water  probably  is  on  the  order  of  400,000  to 
500,000  acre-feet. 

Ground-water  withdrawals  in  Subregion  5 are  concentrated  in 
the  alluvial  basins  of  the  Snake  River  and  its  major  tributaries. 
Areas  of  major  development  include  the  Snake  River  Valley  between 
Bruneau  and  Weiser,  Boise  Valley  west  of  Boise,  Payette  Valley  west 
of  Emmett,  and  Malheur  Valley  downstream  from  Harper. 

In  the  Bruneau-Grand  View  area  of  the  Snake  River  Valley, 
flowing  and  pumped  wells  obtain  water  from  four  aquifer  units  (QTv, 
QTs,  Tvs,  and  Qal) . Ground-water  discharge  was  estimated  to  be 
about  22,500  acre-feet  in  1954.  (68-174)  There  have  been  more  than 
a dozen  wells  drilled  since  then,  and  withdrawals  now  may  be  on  the 
order  of  35,000  to  40,000  acre-feet.  One  observation  well  showed  a 
decline  of  12  feet  between  1953  and  1966,  a little  less  than  1 foot 
a year;  however,  the  rate  of  decline  was  considerably  less  during 
the  last  half  of  the  period.  (12-36,  figure  29) 

A large  number  of  flowing  and  pumped  wells  withdraw  water 
from  the  alluvial  deposits  (Qal),  sedimentary  rocks  (QTs),  and  the 
younger  volcanic  rocks  (QTv)  in  the  Boise  Valley  west  of  Boise. 

Ibe  yearly  gross  withdrawal  was  estimated  to  be  about  150,000  acre- 
feet  in  the  period  1953-55.  (94-47)  Many  additional  wells  have 
been  drilled  in  the  Boise  Valley  since  1954,  and  there  was  con- 
siderable development  of  ground  water  for  irrigation  in  the  Dry  Lake 
area  of  southern  Canyon  County  in  the  1950's.  More  recently  (1964- 
67)  ground-water  pumpage  from  the  younger  volcanic  rocks  (QTv)  on 
the  plateau  south  of  Boise  has  expanded  rapidly. 
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Many  wells  obtain  water  from  the  alluvial  deposits  (Qal) 
in  the  lower  Malheur  Valley  and  in  the  Snake  River  Valley  in  the 
vicinity  of  Nyssa,  Ontario,  and  Wciscr.  Ground  water  has  been 
developed  from  the  volcanic  and  sedimentary  aquifer  units  (Qal,  QTv , 
QTs , and  Tb)  at  several  localities  in  the  Malheur  Basin  (along 
Willow,  Cottonwood,  and  Clover  Creeks,  and  in  Cow  Valley),  and  at 
Jordan  Valley  and  several  scattered  localities  in  the  Owyhee  Basin 
in  Oregon. 

In  most  of  these  alluvial  valleys  with  large  ground-water 
development  there  has  been  no  decline  in  ground-water  levels. 
Recharge  is  chiefly  from  large-scale  and  widespread  irrigation 
with  surface  water  diversions,  liven  with  the  increased  ground- 
water  withdrawals  in  recent  years,  water  logging  is  still  a common 
problem.  barge  additional  quantities  of  ground  water  can  be  devel- 
oped at  many  places  in  the  valleys.  A plan  prepared  by  the  Bureau 
of  Reclamation  in  1953  proposed  the  development  of  large  quantities 
of  ground  water  in  the  Boise  Valley  to  replace  part  of  the  surface- 
water  supply  being  used  in  the  valley.  (15)  Surface  water  replaced 
in  that  way  would  be  diverted  to  irrigate  the  plateau  between  Boise 
and  Mountain  Home.  Thus,  additional  water  would  be  made  available 
for  irrigation  of  large  acreages,  and  water  logging  in  presently 
irrigated  lands  would  be  alleviated. 

Large  areas  of  volcanic  and  sedimentary  rocks  (QTv,  QTs,  Tsv) 
arc  virtually  unexplored  and  undeve loped  in  the  Bruneau , Owyhee,  and 
Malheur  River  drainages.  At  many  places  aquifers  in  these  areas  are 
probably  capable  of  yielding  moderate  to  large  supplies.  Although 
in  much  of  the  area  the  water  table  is  many  hundred  feet  below  land 
surface  (figure  356),  the  scanty  hydrologic  and  topographic  data 
available  suggest  that  there  are  a number  of  basins  where  the  water 
table  is  not  more  than  a few  hundred  feet  below  land  surface,  liven 
though  recharge  is  limited,  perhaps  equivalent  to  only  1 inch  over 
the  area  annually,  there  probably  is  sufficient  recharge  to  support 
local  development  at  favorable  locations;  however,  a concentration 
of  withdrawal  in  a small  area  may  lead  to  overdevelopment.  Cow 
Valley  in  Malheur  County  is  an  example  of  such  an  area  and  has  been 
declared  a critical  ground-water  area  by  the  Oregon  State  engineer. 
The  water  level  has  declined  beneath  an  area  of  more  than  10  square 
miles  because  of  annual  withdrawal  averaging  4,500  acre-feet  from 
12  wells  since  1959. 


Artificial  Recharge 

No  intentional  artificial  recharge  is  being  done  in 
Subregion  5 at  the  present  time.  However,  irrigation  probably  is 
the  most  important  source  of  recharge  and  certainly  is  the  most 
important  recharge  source  to  aquifers  that  will  support  the 
development  of  large,  sustained  supplies. 
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The  alluvial  deposits  and  younger  volcanic  rocks  (Qal  and 


QTv)  are  suitable  for  artificial  recharge  at  many  places  and  locally 
the  younger  sedimentary  strata  (QTs)  , the  Tertiary  basalt  (Tb) , and 
the  silicic  volcanic  rocks  (Tsv)  may  also  be  suitable.  However,  the 
alluvial  deposits  are  saturated  to  near  land  surface  in  the  central 
parts  of  most  basins  so  there  is  little  opportunity  or  need  for 
additional  artificial  water  storage  in  those  places.  South  of  the 
Snake  River  in  the  Bruneau  and  Owyhee  highlands  thick  sections  of 
unsaturated  volcanic  rocks  (QTv  and  Tsv)  are  suitable  for  recharge; 
however,  a source  of  water  and  the  utility  of  storing  large  volumes 
of  water  in  this  area  are  not  now  apparent.  A fairly  thick  section 
(200-700  feet)  of  unsaturated  volcanic  and  sedimentary  rocks  (QTs , 
QTv)  underlies  the  Mountain  Home  plateau  between  Boise  and  Mountain 
Home  and  the  Sailor  Creek  area  south  of  Glenns  Ferry.  These  areas 
could  be  more  easily  recharged,  and  the  water  could  be  reclaimed 
for  irrigation  use. 

The  greatest  opportunity  for  management  of  the  water  resources 
of  Subregion  S may  lie  in  the  conjunctive  use  of  surface  and  ground 
water.  Large  irrigation  projects  could  be  planned  to  use  surface 
water  for  only  part  of  the  supply.  As  the  water  table  rose  under 
the  area,  ground  water  would  become  readily  available  at  favorable 
locations.  Use  of  ground  water  as  a part  of  the  irrigation  supply 
would  not  only  reduce  the  amount  of  imported  water  necessary  but 
also  would  help  to  prevent  or  alleviate  water  logging.  The  Mountain 
Home  plateau  and  the  Sailor  Creek  area  are  two  areas  that  might  be 
developed  in  this  way. 

Water  Rights 

Idaho 

, Considerable  ground-water  development  under  permits  and 

licenses  has  occurred.  This  has  been  primarily  in  Owyhee  County 
areas  where  surface  water  streams  are  essentially  developed  and 
artesian  water  is  available.  Recent  ground-water  development  has 
taken  place  on  the  Mountain  Home  plateau.  Use  in  some  areas  has 
resulted  in  several  conflicts  involving  other  well  owners  or 
individuals  claiming  rights  to  springs. 

Nevada 

Ground-water  development  within  the  Nevada  portion  of 
Subregion  5 has  been  on  a very  small  scale  and  has  been  confined 
to  the  Owyhee  River  Basin.  Development  within  this  area  has  been 
principally  from  mine  tunnels  and  shafts  with  six  wells  drilled 
for  irrigation,  two  for  stockwatering,  one  for  the  domestic  use 
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Table  202  - Existing  Nevada  Ground-Water  Rights,  Subregion  5,  1969 


l 


[ 


I 


Irrigation  and 

Reservoir 

Status 

Mining 

Other 

Storage  Rights 

(Cubic  Feet  Per 

Second) 

(Acre  Feet) 

Certificates 

1 

0.2 

2,760 

Permits 

4 

- 

360 

Applications 

8 

2,640 

and  one  for  school  use.  The  following  table  presents  a summary 
of  the  ground-water  rights  in  the  Nevada  portion  of  Subregion  5. 

Oregon 

In  the  Oregon  part  of  the  subregion,  consisting  essentially 
of  the  Powder,  Malheur,  and  Owyhee  Basins,  primary  water  rights  for 
317  wells  were  on  file  with  the  State  Engineer's  Office  as  of  March 
1967.  Primary  rights  allow  withdrawal  of  65,177  acre-feet  a year, 
of  which  41,660  acre-feet  are  for  irrigation  Of  14,451  acres.  The 
maximum  rate  of  withdrawal  is  191  cfs  (85,500  gpm)  during  the  irri- 
gation season.  Data  on  supplemental  water  rights  are  not  available. 
Ground-water  rights  are  summarized  by  major  use  category  in  table  202A 
as  shown  below. 
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2,013 

26 ,28*’ 

10 

Malheur 
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0 

6 ,950 

5 . 785 
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0 
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11 
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19 

0 

0 

0 
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0 
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1 

TOTAI. 
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104 

12,600 
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13 ,887 

4 1 ,660 

2,013 

65,1" 

RELATIONSHIP  BETWEEN  SURFACE  AND  GROUND  WATER 


North  of  the  Snake  River  Valley  in  Idaho  and  the  Malheur 
River  in  Oregon,  much  of  the  subregion  is  mountainous.  Precipita- 
tion at  higher  elevations  ranges  up  to  about  50  inches.  Because 
most  of  this  area  is  underlain  by  rocks  of  low  or  moderate  perme- 
ability (pT,  Tvs,  Tb) , the  water  table  nearly  everywhere  is  above 
stream  level  and  aquifers  are  effluent  to  nearly  all  streams.  The 
headwaters  of  the  Boise,  Payette,  and  Malheur  Rivers  have  moderately 
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good  base  flow.  Base  flow  in  these  rivers  is  maintained  by 
ground-water  inflow  into  hundreds  of  small  tributaries,  and  the 
gently  sloping  recession  curves  (figure  358)  indicate  that  flow  is 
well  sustained  during  the  dry  season.  Large  quantities  of  water 
are  diverted  from  the  Boise,  Payette,  and  Malheur  Rivers  for  irri- 
gation of  lands  in  the  valleys.  The  lower  reaches  of  these  rivers 
and  the  Snake  River  receive  large  quantities  of  ground-water  return 
flow.  Dry  season  flows  in  these  reaches  are  greater  now  than  they 
were  before  the  lands  were  irrigated. 

The  Owyhee  Mountains  in  Idaho  and  the  mountains  in  Nevada 
located  south  of  the  Snake  and  Malheur  Rivers  are  underlain  by  rocks 
of  relatively  low  permeability.  These  mountains  receive  20  to 
30  inches  of  precipitation.  There  are  many  springs  in  these  areas 
and  most  streams  receive  perennial  ground-water  inflow.  Most  of 
the  south  half  of  the  subregion  is  an  arid  to  semiarid  plateau 
underlain  by  moderately  permeable  to  very  permeable  aquifers.  The 
water  table  is  usually  deep;  the  infrequent  small  streams  are 
generally  far  above  the  regional  water  table  and  are  ephemeral  and 
intermittent.  Only  trunk  streams,  such  as  the  Jarbidge,  Bruneau, 
and  Owyhee  Rivers,  receive  perennial  ground-water  inflow.  In  some 
reaches  even  some  of  the  larger  streams  are  above  the  regional 
water  table.  For  example,  the  relative  altitude  of  the  water  table 
and  the  water  surface  of  the  river  suggest  that  the  East  Fork  Bruneau 
River  is  above  the  regional  water  table  (figure  356). 


SUBREGION 
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HYDROLOGIC  FRAMEWORK 

The  Lower  Snake  Subregion  lies  within  the  three  states  of 
Washington,  Oregon,  and  Idaho,  and  includes  a generally  rectangular 
area  comprising  the  lower  Snake,  Palouse,  Clearwater,  Salmon,  and 
Grande  Ronde  River  Basins,  plus  several  smaller  ones.  The  area  is 
bounded  on  the  north  by  the  low  Spokane  River  Divide,  on  the  east 
by  the  Bitterroot  Range,  on  the  south  by  the  Wallowa,  Seven  Devils, 
and  Sawtooth  Mountains,  and  on  the  west  by  the  Blue  Mountains  and 
the  low  Palouse  Hills  of  southeastern  Washington.  Mountain  peaks 
about  11,000  feet,  alpine  valleys,  deep  canyons,  rolling  fertile 
prairies,  and  semiarid  plains  below  1,000-foot  elevation  all  lie 
within  the  subregion.  The  area  covers  35,081  square  miles,  of  which 
126  square  miles  are  fresh  water  and  34,955  square  miles  are  land, 
altogether  amounting  to  about  13  percent  of  the  regional  area. 

Figure  2 shows  the  general  physiographic  features  of  the 
subregion;  parts  of  several  geologic  and  physiographic  provinces 
are  included  in  Subregion  6.  The  Salmon  and  Clearwater  River  Basins 
are  included  in  the  Northern  Rocky  Mountain  physiographic  province. 
To  the  west,  along  the  course  of  the  Snake  River  and  including  the 
Blue  Mountains,  the  area  is  included  in  the  Wallowa-Seven  Devils 
section  of  the  Columbia  Intermontane  province.  To  the  north  lies 
the  Palouse  section  of  this  same  province.  The  rock  types  of  the 
subregion  are  highly  diversified,  but  the  eastern  Salmon  River 
drainage  and  the  Clearwater  Mountains  are  primarily  metamorphosed 
sandstones  and  shales  and  the  lower  Snake  Tucannon,  and  Palouse 
Rivers  cut  into  the  basalt  underlying  the  Columbia  Plateau.  Rela- 
tively undisturbed  lavas  are  found  in  the  Blue  Mountains  and  Salmon 
River  drainage  and  glaciation  has  been  extensive  in  the  Wallowa 
Mountains,  The  many  mountain  peaks  rising  to  10,000  feet,  or  more, 
are  located  around  the  subregion  rim  and  in  some  of  the  ranges,  but 
the  northwest  section  is  characterized  by  wide  expanses  of  fairly 
flat  land. 

Streams  originating  in  this  subregion  averaged  about  12  1/2 
inches  of  runoff  per  year  or  32,400  cfs  during  the  period  1929-58. 
The  maximum  annual  runoff  was  about  2 times  and  the  minimum  about 
1/2  the  average. 
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The  two  principal  streams  are  the  Salmon  and  Clearwater 
Rivers,  both  of  which  flow  through  wilderness  areas  in  which  there 
are  few  roads.  Stream  gradients  for  the  Salmon  range  from  about 
2 to  13  percent  in  the  upper  reaches,  but  are  about  1/5  percent  in 
the  lower  valley.  The  Salmon  River  Basin  contributes  about  11 
inches  of  runoff  per  year.  The  Clearwater  River  stream  gradients 
are  low,  ranging  from  about  1 to  3 percent  in  most  of  the  upper 
reaches,  and  are  less  than  1/5  percent  in  the  lower  valley.  How- 
ever, the  annual  runoff  of  the  Clearwater  is  about  21  inches. 

Other  streams  include  the  Grande  Ronde,  Palouse,  and  mainstem 
Snake  Rivers.  For  these  the  stream  gradients  range  from  about  1 to 
13  percent  in  the  upper  reaches,  but  are  less  than  1/2  percent  in 
the  lower  valleys,  with  the  mainstem  Snake  having  less  than  1/8  per- 
cent. The  Grande  Ronde  River  Basin  contributes  about  11  inches  of 
runoff  per  year,  the  Palouse,  about  3 inches,  and  the  entire  Snake 
River  Basin,  nearly  6 inches. 

About  one-fifth  of  the  subregion  area  is  agricultural  land, 
mostly  in  the  Palouse  and  Clearwater  Basins,  farming  being  nearly 
all  dryland.  The  Grande  Ronde  Basin  and  upper  valleys  of  the 
Salmon  River  Basin  have  the  only  notable  irrigation  area.  The 
soils  of  the  Grande  Ronde  drainage  have  a wide  variety,  from  gravelly 
loam  to  considerable  silty  clay.  Much  of  the  Blue  Mountains  has 
the  Palouse-type  soil,  whereas  some  valleys  in  the  Wallowa  Moun- 
tains have  sandy  to  gravelly  soils  characteristic  of  glacial  outwash. 
About  three-fifths  of  the  area  is  forest  land,  mostly  pine  and  fir, 
with  other  softwoods  and  noncommercial  trees.  The  remaining  fifth 
is  semiarid  desert  with  sage  brush  and  sparse  grass. 

The  cities  of  Lewiston,  Idaho,  and  Clarkston,  Washington, 
on  the  Snake  River  are  the  largest,  with  a combined  population  of 
18,900  in  1960.  However,  just  outside  the  subregion,  at  the  mouth 
of  the  Snake  River,  the  cities  of  Pasco  and  Kennewick  had  a com- 
bined population  of  28,800  in  1960. 


CLIMATE 

This  subregion  has  the  most  heterogeneous  climatological 
conditions  of  any  part  of  the  Snake  River  Basin.  A variety  of 
factors,  chief  among  them  being  the  wide  range  in  elevation, 
contribute  to  this  situation.  Eastward-moving  Pacific  maritime  air 
masses,  though  modified  by  intervening  topographic  barriers  to  the 
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west,  have  a moisture  content  sufficient  to  produce  considerable 
precipitation  upon  being  lifted  over  the  mountains  within  the  area. 
The  Clearwater  River  Basin,  in  particular,  is  so  oriented  that 
moist  Pacific  air  entering  the  lower  portion  of  the  basin  is  sub- 
jected to  marked  vertical  lifting.  Other  portions  of  the  subregion, 
while  having  less  rainfall  opportunity  and  less  efficient  rain- 
producing  features,  receive  reasonably  large  amounts  of  precipita- 
tion because  of  topographic  variation.  Of  the  entire  Snake  River 
Basin,  this  subregion  has  the  smallest  percentage  of  definitely 
arid  area. 


Precipitation 


Precipitation  varies  through  a wide  range  under  the 
influence  of  differences  in  elevation  and  topography.  Near  the 
mouth  of  the  Snake  River,  at  an  elevation  of  less  than  400  feet, 
the  average  annual  precipitation  is  about  7 1/2  inches.  Eastward 
to  the  Idaho  border  the  average  increases  to  about  20  inches, 
although  low-level  locations,  such  as  Clarkston  and  Lewiston,  re- 
ceive little  more  than  13  inches.  On  the  elevated  prairies  or 
plateaus  to  the  north  and  south  of  the  Clearwater  River,  the  annual 
average  rises  to  22  to  25  inches,  and,  farther  east  and  southeast 
in  the  mountainous  areas,  annual  totals  range  from  25  to  more  than 
50  inches.  Far  upstream,  in  the  Salmon  River  drainage,  valley 
stations  receive  only  7 to  9 inches  where  numerous  high  ranges  to 
windward  have  greatly  diminished  the  moisture  content  of  the  air 
arriving  from  the  west.  Table  203  and  figure  359  show  precipita- 
tion data  and  location  of  precipitation  stations.  In  common  with 
most  of  the  Pacific  Northwest,  a large  part  of  the  subregion  expe- 
riences a sharp  drop  in  average  monthly  precipitation  in  summer, 
the  combined  July-August-September  total  often  being  less  than  the 
total  for  a single  month  in  winter  or  spring.  The  winter  months 
receive  the  greatest  precipitation  totals,  but  the  semiarid  valleys 
in  the  upper  reaches  of  the  Salmon  are  exceptions.  There,  the 
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relatively  frequent  showers  and  thunderstorms  in  the  warm  season 
provide  more  precipitation  than  the  winter  storms.  Several  sta- 
tions in  the  Lewiston-Grangeville  area  also  show  maximum  monthly 
precipitation  in  May  and  June,  in  contrast  to  the  marked  winter 
maximum  at  a majority  of  locations  in  the  subregion. 

Figure  359  is  an  isohyetal  map  prepared  by  the  Weather 
Bureau  River  Forecast  Center,  Portland,  Oregon,  using  climatologi- 
cal data  (1930-57)  and  information  derived  from  correlations  with 
physiographic  factors. 

Snowfall,  which  constitutes  the  larger  portion  of  precipi- 
tation at  high  elevations  and  practically  isolates  many  areas, 
occurs  irregularly  at  the  low  elevations,  even  in  mid-winter. 

Total  annual  snowfall  exceeds  150  inches  in  some  high  valleys 
within  the  wilderness  areas-  and  probably  exceeds  200  inches  in 
many  mountain  locations,  but  is  generally  less  than  20  inches  at 
elevations  of  1,500  feet  or  lower.  The  first  1-inch  snowfall  in 
autumn  can  be  expected  in  October  at  higher  elevations,  in  the 
latter  half  of  November  at  elevations  of  3,000  to  4,000  feet  and 
in  December  at  low  elevations.  The  probability  of  accumulated 
snow  reaching  a depth  of  one  foot  is  close  to  zero  in  the  low  level 
canyons  and  valleys,  increasing  to  1.0  at  high  elevations,  while 
accumulations  of  2 feet  or  more  are  almost  entirely  limited  to  the 
mountainous  parts  of  the  subregion.  Snow  course  measurements  at 
some  of  the  higher  levels  reveal  average  accumulations  of  50  to 
100  inches  on  April  1,  with  water  content  of  the  snowpack  35  per- 
cent to  40  percent.  Surface  runoff  from  the  high-level  snowpack 
usually  continues  well  into  June. 


Temperature 

The  range  of  temperatures  reflects  the  wide  range  of  eleva- 
tion. Near  the  mouth  of  the  Snake  River  the  mean  annual  tempera- 
ture is  approximately  54°F.  while  in  the  Sawtooth  Valley,  in  the 
upper  portion  of  the  Salmon  River  Basin  at  an  elevation  of  close 
to  7,000  feet,  the  annual  mean  is  about  35°F.  The  average  number 
of  days  per  year  with  maximum  temperature  of  90°  F.  or  higher 
ranges  from  50  or  60  in  the  canyons  of  the  Little  Salmon  and  the 
Clearwater,  to  practically  none  in  the  Sawtooth  Valley.  Minimum 
temperatures  of  32°F.  or  lower  are  recorded  on  less  than  100  days 
per  year  near  the  mouth  of  the  Snake,  on  the  average,  but  on  300 
days  or  more  at  high  elevations.  Freezing  temperatures  are  likely 
in  all  months  at  the  higher  levels.  Temperatures  of  0°F.  or  lower 
occur  on  an  average  of  more  than  50  days  per  year  in  the  Sawtooth 
Valley,  but  on  only  2 or  3 days  at  elevations  of  around  1,500  feet 
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Table  204  Average  and  Extreme  Temperature*  0 F j , Lower  Snake  .hrcgion 
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38.9 

33.7 

47.9 

Highest 

61 

67 

77 

86 

92 

101 

103 

101 

101 

87 

72 

62 

103 

Lowest 

-27 

-21 

-10 

9 

20 

29 

32 

28 

18 

14 

-12 

-24 

-2? 

Walla  Walla 

Av  Max. 

32.6 

40.0 

47.2 

59.5 

67 . 2 

73.0 

84.5 

81.4 

73.5 

58-7 

42.5 

36.9 

58.  1 

15LSE  1/ 

Av.  Min. 

20.6 

25.6 

28.  1 

33.6 

38.5 

42-9 

4S.9 

44.3 

40.4 

3S.2 

28.  8 

25.9 

54.2 

Mean 

26.6 

32.8 

37.7 

46 . 6 

52.9 

58.0 

65 . 2 

62.9 

57.0 

47.0 

35. 7 

314 

46 . 2 

Hi  ghest 

S7 

63 

75 

84 

89 

95 

102 

100 

97 

81 

62 

68 

102 

fewest 

lb 

- 16 

-1 

24 

20 

30 

54 

34 

26 

17 

-8 

-18 

W Period  is  longer  or  shorter  than  the  30-year  normal 

Note  rhe  mean  temperature  is  for  the  normal  period  1931-'  other  data  are  for  the  period  of  record  through  I960. 
Numbers  under  station  names  denote  full  years  of  record  for  all  data. 


and  lower.  The  large  diurnal  temperature  range,  so  typical  of 
inland  areas  of  the  western  United  States,  is  quite  apparent  in 
summer.  The  difference  between  mean  daily  maximum  and  minimum 
temperatures  in  July  ranges  from  30°F.  or  more  at  low  elevations 
to  more  than  40°F.  at  higher  elevations.  In  winter,  when  cloudi- 
ness often  blankets  the  region,  the  diurnal  range  is  15°  or  less 
at  low  levels  and  25°F.  at  high  valley  stations.  Table  204  and 
figure  359  show  temperature  data  and  locations  of  weather  stations. 

The  growing  season,  based  on  the  period  between  last  32°F. 
temperature  in  spring  and  first  in  fall,  averages  about  160  to  180 
days  in  the  warmest  localities  of  the  subregion,  110  to  130  days 
on  the  prairies  north  and  south  of  the  Clearwater  River,  and  is 
about  zero  days  in  the  Sawtooth  Valley  and  other  high  level  areas. 
At  Moscow,  Idaho,  in  the  Palouse  River  Basin  it  is  146  days  long; 
at  La  Grande,  Oregon,  in  the  Grande  Ronde  River  Basin  it  is  143 
days;  and  at  Challis,  Idaho,  in  the  upper  Salmon  River  Basin  it  is 
only  108  days.  The  average  date  of  the  last  spring  freeze  is  May  9 
at  Moscow,  May  9 at  La  Grande,  and  May  31  at  Challis.  The  average 
date  of  the  first  fall  freeze  is  October  3 at  Moscow,  September  29 
at  La  Grande,  and  September  15  at  Challis.  For  the  28°F.  threshold 
the  growing  season  averages  about  30  to  50  days  longer  than  for 
32°F . 
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Wind 

Surface  winds  are  affected  so  much  by  topography  that  it 
would  be  futile  to  attempt  a generalized  description  for  this 
subregion.  A study  by  Bonneville  Power  Administration  on  extreme 
winds  indicates  that  an  extreme  1-minute  average  wind  speed  of  45 
to  50  mph  can  be  expected  once  in  2 years,  on  the  average,  55  to 
60  mph  once  in  10  years,  and  70  to  80  mph  once  in  50  years,  in  the 
subregion . 


Evaporation 


Mean  annual  evaporation  from  pans  ranges  from  more  than 
50  inches  in  the  warmer  portions  of  the  region  to  less  than 
40  inches  at  the  higher,  cooler  elevations.  Evaporation  from  lakes 
and  reservoirs  ranges  from  around  40  inches  to  less  than  30  inches 
with  more  than  80  percent  of  the  loss  occurring  in  the  6-month 
period  May  through  October.  Potential  evapotranspiration  is 
estimated  at  22  to  28  inches  per  year  in  the  warmer  portions  of 
the  region  and  less  than  20  inches  in  the  cool,  high  level  areas. 

At  lower  levels,  where  summer  temperatures  are  high  and  precipita- 
tion light,  the  actual  evapotranspiration  is  estimated  at  about 
65  or  70  percent  of  the  potential  on  soils  with  an  available  water 
capacity  of  6 inches,  but  little  more  than  half  of  the  potential 
on  shallow  soils.  At  higher  elevations,  where  precipitation  is 
adequate  and  temperatures  more  moderate,  the  actual  would  approach 
the  potential  evapotranspiration. 


Storms 

Significant  storms  affecting  the  subregion  are  of  Pacific 
Ocean  origin  and  occur  during  the  winter  season;  the  most  severe 
ones  have  had  a long  trajectory  over  the  Pacific.  Typical  of  such 
great  storms  was  that  of  November  1909.  For  high-intensity  rates 
of  measured  rainfall  occurring  over  periods  of  time  up  to  24  hours, 
this  storm  was  without  parallel  in  many  parts  of  the  Northwest, 
including  parts  of  the  Snake  River  Basin. 

Of  nine  great  storms  of  record,  excluding  localized  convec- 
tive storms,  three  occurred  in  November,  four  in  December,  and  one 
each  in  March  and  May.  Those  storms  that  occur  during  the  spring 
season  usually  are  of  local  significance  and  may  cause  appreciable 
damage  over  small  areas.  Greatest  areal  values,  however,  occur  as 
a result  of  general  winter  storms.  Thunderstorms,  while  of  frequent 
local  importance,  are  not  significant  to  the  subregion  as  a whole. 
Hail  or  sleet  storms  are  common,  as  are  twisters  or  "dust  devils," 
and  occasionally  a tornado  will  cause  severe  damage  over  a small 
area  of  10  square  miles  or  less. 
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Humidity 

Relative  humidity  data  are  available  only  for  low-elevation 
areas  of  the  subregion.  During  midsummer,  the  late  afternoon  read- 
ings average  less  than  25  percent,  with  early  morning  readings  of 
50  to  60  percent,  while  in  winter  the  daily  variation  is  small  with 
average  readings  of  75  to  80  percent. 


Sunshine 

Cloudiness  also  shows  a marked  variation  from  summer  to 
winter.  During  July,  only  about  3/10  of  the  sky  is  covered  by 
clouds  on  the  average,  but,  from  November  through  February,  the 
sky  cover  averages  8/10  or  more.  Sunshine  averages  about  60  per- 
cent of  possible  on  an  annual  basis,  ranging  from  around  20  percent 
in  December  to  85  percent  in  July  and  August. 


SURFACE  WATER 

The  rivers  of  the  Lower  Snake  Subregion  are  only  partly 
used,  the  water  supply  is  moderate  but  well  distributed  and  the 
quality  of  water  is  very  good.  The  runoff  is  primarily  from  spring 
snowmelt,  with  varying  amounts  of  rain  runoff  included.  There  is 
no  flood  control  storage  in  the  subregion,  but  the  new  Dworshak 
reservoir  provides  a large  block  of  such  storage,  and  the  Snake 
River  Basin  is  well  regulated  by  upstream  reservoirs. 

Water  is  used  for  power  generation  at  four  lower  Snake  River 
dams,  Dworshak  Dam  and  Wallowa  Take. 

Although  irrigated  areas  are  small,  they  are  numerous 
throughout  the  subregion.  Water  is  stored  for  irrigation  and  other 
purposes  in  seven  reservoirs  exceeding  5,000  acre-feet  in  total 
capacity,  most  of  them  being  on  the  mainstem  lower  Snake  River. 

Navigational  use  of  water  is  important  on  the  mainstem 
Snake  River  up  to  Lewiston,  with  pleasure  boating  and  miscellaneous 
minor  traffic  continuing  still  farther  upstream. 


Quantity 


Average  discharge  of  streams  originating  in  the  subregion 
totals  about  32,380  cfs  (23.4  million  acre-feet  annually).  This 
averages  0.92  cfs  per  square  mile,  an  intermediate  rate  in  the 
Columbia-North  Pacific  Region. 
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Present  Utilization 


About  4.1  percent  of  the  average  discharge  was  withdrawn  in 
1965  for  consumptive  uses,  but  only  about  1.4  percent  was  actually 
consumed.  About  one-thirtieth  of  the  water  withdrawn  for  consump- 
tive uses  (about  1,320  cfs)  is  for  municipal  supplies  (30  cfs 
domestic  and  9 cfs  industrial) ; the  largest  user  is  irrigation 
(1,094  cfs),  and  it  is  the  major  consumer  444  cfs  of  the  total  of 
465  cfs.  There  is  a minor  amount  of  steam  power  generation.  Most 
of  the  subregion's  runoff  passes  through  several  hydroelectric 
plants.  Navigation  use  of  water  is  mostly  by  barges  and  tugs. 
Recreational  use  of  water  is  popular  and  growing,  although  the 
water  surface  area  for  it  is  small  in  this  subregion.  All  waters 
are  used  to  some  degree  for  fish  and  wildlife.  Although  water  is 
but  moderately  copious  in  this  subregion,  pollution  is  a problem 
only  on  some  of  the  smaller  streams. 


Stream  Management 

Competition  for  water  among  the  various  users  necessitates 
efficient  stream  management.  Storage  and  release,  diversions,  con- 
servation, legal  constraints,  etc.  all  are  a part  of  the  water- 
management  system. 


Impoundments  Reservoirs  having  a total  capacity  of  5,000 
acre-feet  or  more  are  listed  in  table  205.  Dworshak  Reservoir  on 
the  North  Fork  Clearwater  River  is  the  largest  impoundment  in  the 
subregion,  but  the  four  lower  Snake  Reservoirs  are  also  large.  Ice 
Harbor,  Little  Goose,  Lower  Granite,  and  Lower  Monumental  reservoirs. 
Five  reservoirs  are  multiple  purpose  to  the  extent  that  at  least 
four  purposes  were  specified  in  their  design. 

Table  205  - Reservoirs  Having  a Total  Capacity  of  5,000  Acre-Feet  or  More, 

Subregion  6 


Name 

Stream 

Total 
Storage 
(acre- feet ) 

Active 

Storage 

(acre-feet) 

Surface 

Area 

(acres) 

Purpose-^ 

Dworshak 

N.  F.  Clearwater  R. 

3,453,000 

1 ,433,000 

lb, 970 

FNPR 

Hells  Canyon 

Snake  R. 

164,000 

16,000 

- 

P 

Ice  Harbor 

Snake  R. 

406,000 

25,000 

9,000 

INPR 

Lake  Waha 

Lake  Cr. 

6,900 

- 

- 

I 

Little  Goose 

Snake  R. 

565,000 

49,000 

10,000 

INPR 

Lower  Granite 

Snake  R. 

484,000 

44,000 

8,900 

INPR 

Lower  Monumental 

Snake  R. 

376,000 

20,000 

b ,590 

INPR 

Reservoir  A 

Sweet  Water- Web  Cr. 

- 

6,680 

6,680 

IM 

Wallowa  Lake 

Wa 1 1 owa  R . 

42,750 

37,450 

1 ,b70 

IP 

W I - irrigation,  F-flood  control,  M-municipal , N-navigat ion , P-power,  R-recreat ion. 
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Operation  of  Dworshak  Reservoir,  where  snowmelt  is  the 
primary  cause  of  runoff,  generally  follows  a pattern  of  filling 
during  May,  June,  and  July,  then  slow  evacuation  for  power  produc- 
tion until  January,  and  final  evacuation  by  May  for  flood  control. 

The  impoundments  have  variable  short-term  effects  on  river 
discharge.  The  changes  in  discharge  due  to  power  loads  are  abrupt 
and,  on  weekends  when  less  power  is  required,  flows  may  be  low. 
Municipal  water  is  supplied  during  the  summer,  principally  to 
satisfy  lawn-watering  and  air-conditioning  needs.  Irrigation 
water  is  supplied  at  a fairly  constant  rate  from  April  through 
September.  On  the  other  hand,  recreational  use  requires  that  the 
water  be  retained  in  the  reservoirs  as  long  as  possible  during 
the  summer. 


Diversions  Most  of  the  diversions  in  the  Lower  Snake  Sub- 
region  are  for  irrigation.  Other  diversions  are  made  for  municipal, 
industrial,  and  drainage  uses.  Although  there  are  many  diversions, 
the  quantity  of  water  involved  is  small.  The  largest  diversions 
are  in  the  Grande  Ronde  River  Basin. 


Channel  Modification  Channel  modification  has  taken  .place 
in  the  Grande  Ronde  River,  Palouse,  and,  to  a minor  extent,  in  the 
Snake  River.  Log  jam  removal  and  revetment  construction  has  been 
carried  out  on  other  tributary  streams  within  the  subregion.  Some 
local  levees  have  been  constructed  along  Salmon  River,  Catherine 
Creek,  Tucannon  River,  and  several  tributaries  of  Clearwater  River. 


Forecasting  Forecasting  is  used  in  flood  control  operations 
of  reservoirs,  flood  warning,  and  to  provide  a maximum  of  stored 
water  for  power  generation,  municipal  use,  and  irrigation,  consist- 
ent with  assured  refill  of  the  reservoirs.  The  Weather  Bureau  is 
officially  responsible  for  providing  a flood-warning  service  to  the 
general  public  at  times  of  major  flooding. 

Forecasts  of  seasonal  quantities  of  water  available  for 
storage  are  made  using  snow-survey  data,  precipitation  data,  and 
data  on  antecedent  conditions,  and  other  parameters.  The  informa- 
tion is  processed  by  digital  computer  and  updated  each  month  as 
new  data  are  obtained. 


Constraints  There  are  several  compacts  and  treaties  that 
are  concerned  with  runoff  in  the  Columbia  River  and  tributaries. 
These  are  discussed  in  the  Regional  Summary,  along  with  general 
constraints . 


Water  Rights 


Idaho  Rights  to  use  of  water  from  the  mainstem  of  the  Low- 
er Snake  River  in  Idaho  consist  mainly  of  permit  rights  for  power 
purposes.  Except  for  extreme  high  flows,  the  entire  flow  of  the 
river  passes  through  the  power  plants.  The  water  permits  for  power 
were  issued  with  the  condition,  however,  that  use  of  the  water 
would  not  interfere  with  future  upstream  uses  which  may  cause  a 
depletion  of  the  flow  of  the  Snake  River. 

Rights  to  the  use  of  considerable  quantities  of  water  of 
the  Salmon  River  and  its  tributaries  have  been  determined  by  court 
action.  This  is  particularly  true  in  the  Lemhi  and  Pahsimeroi 
River  tributaries  where  irrigation  rights  are  adjudicated  and  in 
other  streams  where  water  has  been  used  for  mining.  The  adjudicated 
irrigation  rights  in  the  Lemhi  River  are  on  most  of  its  smaller 
tributaries,  while  no  water  rights  from  the  Lemhi  River  proper  have 
been  established  by  the  court. 

Much  water  is  used  for  fishing,  recreation,  and  pleasure 
boating,  but  rights  of  this  nature  have  never  been  adjudicated  in 
Idaho. 

There  are  no  adjudicated  rights  of  any  consequence  in  the 
Clearwater  River.  There  are  uses  for  irrigation  of  some  areas  and 
for  industry  and  power,  which  are  under  permit  and  license.  Con- 
siderable use  is  made  of  the  Clearwater  River  and  its  tributaries 
for  outdoor  recreation  purposes. 

In  general  there  is  considerable  unappropriated  water  in  the 
Lower  Snake  River  in  Idaho  with  the  exception  of  certain  tributary 
streams  in  the  Salmon  River  Basin,  where  the  base  flow  has  been 
allocated  for  irrigation  purposes. 

Washington  In  that  part  of  the  Lower  Snake  Subregion 
located  in  the  State  of  Washington,  essentially  Water  Resource 
Inventory  Areas  33  through  35  (figure  360) , a total  of  259  active 
surface-water  right  appropriation  records,  in  permit  and  certifi- 
cate stages,  was  on  file  with  the  Department  of  Water  Resources  on 
April  30,  1967.  Prime  rights  in  this  area  allow  summer  period 
diversions  totaling  480.43  cfs  of  which  consumptive  diversions 
amount  to  438.20  cfs,  partially  consumptive  diversions  account  for 
12.23  cfs,  and  nonconsumptive  diversions  are  permited  to  30.00  cfs. 

A total  of  5.56  cfs  has  been  appropriated  under  supplemental  rights. 
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In  addition,  a total  of  22.09  cfs  has  been  granted  under 
164  adjudicated  rights,  all  located  in  Water  Resource  Inventory 
Area  35.  Of  this  quantity  17.09  cfs  is  consumptive  to  the  resource 
and  5.00  cfs  is  classified  as  partially  consumptive. 

Reservoir  storage  rights  on  record  with  the  Department  of 
Water  Resources  permit  a total  of  925  acre-feet  to  be  retained  in 
storage  annually  in  that  part  of  the  Lower  Snake  Subregion  located 
within  the  State  of  Washington. 

Prime  water  right  quantities  for  the  more  important  use 
categories  and  total  actual  surface  water  right  quantities  are 
listed  in  table  206  according  to  Water  Resource  Inventory  Areas  as 
defined  by  the  State  of  Washington,  Department  of  Water  Resources 
(Regional  Summary).  More  detailed  information  about  specific 
rights  can  be  obtained  from  tne  Department  of  Water  Resources. 


Table  206  - 

Surface  Water 

Rights,  Snake  Subregion, 

1967 

Basin 

No.J./  River  Basin 

Municipal 

1 rrigation 

Individual 
and  Community 
Domestic 

1 ndust  r ia 1 
and 

Commercial 

Fish 

Propagation 

Stock 

Total U 

Reservoir 
Storage  Rights 

(Cubic  Feet 

per  Second) 

(Acre-Feet ) 

Appropriative  Rights 

33  Snake- Low 

34  Palouse 

35  Snake-Tucannon 

67.24 

233.61 

99.58 

96.88 

1.87 

0.21 

0.20 

25.00 

16.50 

0.03 

0.11 

234.05 

125.71 

120.67 

881 

44 

Appropriative  Totals 

67.24 

430.07 

2.08 

0.20 

41.50 

0.14 

480.43 

92S 

Adjudicated  Rights 
35  Snake-Tucannon 

16.87 

9.08& 

9.08^ 

22 .09— ^ 

Adjudicated  Totals 

Combined  Totals  67.24 

(Approp.  6 Adjud.  Rights) 

16.87 

446.94 

9.08 

11.16 

0.20 

41.50 

9.08 

9.22 

22.09 

502.52 

925 

1/  Water  Resource  Inventory  Area  number  as  shown  in  figure  360. 

2/  Total  prime  right  quantities  do  not  agree  with  the  sum  of  the  uses  because  (1)  only  the  more  important  use  categories 
are  listed  and  (2)  water  right  quantities  that  are  common  to  two  or  more  uses  are  listed  under  each  applicable  use 
category . 

V Quantity  is  consnon  with  irrigation  use. 

£/  Includes  5.00  cfs  for  hydroelectric  power  generation. 


Discharge 

The  water  discharge  picture  includes  measurement,  location, 
timing,  frequency,  and  variation  of  the  river  flows  for  some  stand- 
ardized period  of  years.  The  base  period  selected  for  the  Columbia- 
North  Pacific  Region  study  is  the  30-year  interval  1929-58.  A 
typical  Subregion  6 stream,  Clearwater  River  at  Kamiah,  Idaho, 
shows  a base-period  mean  discharge  equal  to  94  percent  of  its  long- 
term mean  (55  years,  1911-1965).  Weather  records  show  that  precip- 
itation in  Lewiston  during  the  base  period  was  96  percent  of  the 
long-term  mean  (88  years,  1878-1965).  Thus,  the  selected  base 
period  provides  reasonably  average  data  for  statistical  analysis. 


■ 
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Measurement  Facilities  Measurement  facilities  comprise 
primarily  the  gaging  stations  and  their  characteristics  where  the 
measurements  are  made.  Table  207  summarizes  pertinent  streamflow 
data  for  the  12  sites  selected  for  detailed  study  in  Subregion  6. 

Figure  362  shows  the  locations  of  the  selected  sites,  with 
Geological  Survey  identification  numbers.  The  numbers  correspond 
to  those  of  table  207,  but  are  often  shown  with  additional  leading 
digits  to  indicate  the  general  area  or  part  number  as  follows: 

Part  12,  Pacific  slope  basins  in  Washington  and  upper  Columbia 
River  Basin;  Part  13,  Snake  River  Basin;  and  Part  14,  Pacific  slope 
basins  in  Oregon  and  lower  Columbia  River  Basin. 


Table  20"  streamflow  Summarv  for  Selected  Sites 
Subregion  6 


Drainag 

e Period 

Annual  Flows 

Moment arv 

Flow  : 

St  ream 

stat ion 

Station 

Gage 

Area 

of 

[etc 

Number 

Datum 

(Sq.  Mi 

. i Record 

Mean 

Max 

Mm. 

Max  . 

Min 

Salmon  River 

Challis 

2985 

5163.92 

1,800 

1928-65 

1,459 

2,344 

855 

15,400 

160 

Salmon  River 

5j  lltion 

3025 

5911.14 

3,760 

1919-65 

3/ 

1,898 

2,911 

1,157 

16 . 500 

242 

Salmon  River 

French  creek  31S0 

1908.92 

12,270 

1944-56 

9,230 

13. "0 

4,95" 

38.600 

1 . "90 

Salmon  River 

whi tebi rd 

3170 

1412.65 

13,550 

1919-65 

10.69" 

15,891 

5. "92 

106.000 

1,580 

Grande  Ronde 

RortUowa 

3325 

2281 . 8" 

2.555 

1926-65 

2,044 

3,271 

1,175 

24. "00 

225 

Selwav  River 

l.o*e  1 1 

3365 

1540 

1 ,910 

1929-65 

3/ 

3.604 

4,926 

2,233 

4S.90C 

100 

Lochsa  River 

Lowell 

3370 

1452.98 

1,180 

1929-65 

3/ 

2,712 

3. '42 

1,581 

35,100 

100 

lcarwjter  R i • 

ier  k am  i ah 

3390 

1162.52 

4.850 
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6.660  4 
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3/ 
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1 ,0"2 
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0 

Snake  River 

Ice  Harbor 

Dam  3530 

m.s.  1 
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1962-65 
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31.029 

298,000 

11,800 

1 Regulated 

values  tor  bas<-  period  1929 

•53)  with 

est imated 

19"0  condit 

: ions 

of  dev 

elopment . 

2 Maximum  and  minimum  observed  instantaneous  values  for  period  of  record. 

3 ['motes  other  short  periods  of  record  prior  to  dates  shown. 

4 au-ed  bv  . instruction  closure  at  Brownlee  Ham.  Natural  minimum  about  10,600  cfs. 


monthly  discharge  data  for  the  subregion  as  a whole.  The  discharge 
is  the  sum  of  the  Snake  River  flow  and  that  generated  within  the 
subregion,  less  certain  unidentified  flows  or  losses  such  as  stor- 
age changes,  inflow  from  ground-water  springs,  direct  rainfall  on 
streams,  evaporation  losses,  deep  percolation,  channel  storage, 
and  bank  storage.  The  discharge  begins  an  almost  steady  rise  in 
October  from  rainfall  and  reaches  its  crest  in  May  and  June  from 
snowmelt.  The  flows  for  both  the  Snake  River  and  that  generated 
within  the  subregion  are  listed  in  table  208. 

The  inflows  to  Subregion  6 are  somewhat  different  from  out- 
flows from  Subregion  5 because  the  latter  have  been  modified 
according  to  a system  of  power  loading  devised  by  the  Bureau  of 
Reclamation,  whereas  the  former  conform  to  the  recommended  system 
of  Bonneville  Power  Administration,  study  number  75-8.  Either 
flows  could  represent  the  facts  as  of  1970. 
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Annual  Mean  Discharge,  c 
Maximum  months  76,449 

Maximum  year  

20  percent  of  time  58,330 
Mean  months  45,984 

80  percent  of  time  35,226 

Minimum  year  

Minimum  months  23,900 
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Figure  361  Monthly  discharge,  Lower  Snake  Subregion 


1 


Isopleths  showing  mean  annual  runoff  for  the  period  1930- 
00  are  shown  on  figure  362. 


Average  Discharge  for  Selected  Stations  In  this  section 
of  the  report,  detailed  data  are  presented  for  each  of  the  selected 
sites  listed  in  table  207.  The  monthly  discharge  data  were  orig- 
inally available  in  Geological  Survey  Water-Supply  Papers  1316, 

1317,  1318  and  1736,  1737  and  1738,  compilations  of  surface-water 
records  in  Parts  12,  13,  and  14.  These  have  been  changed  to  the 
extent  that  they  have  all  been  termed  modified  mean  discharges, 
as  presented  in  tables  209  to  220.  The  modifications  consisted  of 
application  of  irrigation  depletions,  an  assumed  plan  of  reservoir 
regulations  and  extension  of  records  for  some  sites  by  correlation 
with  nearby  stations.  Ilydrographs  for  several  conditions  of  flow 
at  the  selected  sites  are  shown  on  figures  363  to  374.  It  should 
be  noted  that,  although  High  Mountain  Sheep  Dam  is  not  expected  to 
be  existing  or  under  construction  by  1970,  it  was  assumed  that 
somewhat  equivalent  storage  probably  would  be  under  construction 
by  that  time.  Therefore,  the  effect  of  storage  proposed  for  High 
Mountain  Sheep  Reservoir  has  been  included  in  the  modified  flows 
of  the  mainstem  Snake  and  Columbia  Rivers. 

It  should  also  be  noted  that  the  supply  of  water  indicated 
by  the  monthly  discharge  hydrographs  is  not  necessarily  available 
for  development,  even  though  it  already  reflects  depletions  and 
storage  regulation.  It  may  already  be  committed  to  some  downstream 
use  such  as  diversion  to  irrigation. 

Explanations  of  the  hydrographs  and  the  succeeding  graphs 
are  given  in  the  Regional  Summary.  Examination  of  the  hydrographs 
indicates  that  all  streams  have  considerable  base  flow  except  the 
Palouse  River  and  much  of  the  Clearwater  River.  The  Palouse  is 
the  only  stream  with  practically  all  of  its  runoff  occurring  early 
due  to  rainfall. 

Frequency  curves  of  annual  high  and  low  discharges  are 
shown  on  figures  375  to  386.  The  slopes  of  the  curves  of  high 
flows  are  high  for  the  upper  Salmon  and  Clearwater  Rivers  and 
Palouse  River,  and  they  are  moderate  for  the  Grande  Ronde  and  Snake 
Rivers.  The  low-flow  curve  slopes  tend  to  show  the  opposite  effects. 
The  spread  of  the  high-flow  curves  is  again  high  for  the  upper 
Salmon  and  Clearwater  Rivers  and  Palouse  River.  The  spread  for 
low-flow  curves  is  fairly  high  for  all  streams  except  in  the 
upper  Salmon  River  Basin  for  durations  up  to  183  days. 
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Duration  curves  for  three  flow  conditions,  daily,  monthly, 
and  annual,  are  presented  in  figures  387  to  398.  The  monthly  and 
annual  discharges  used  are  those  of  tables  209  to  220,  but  the 
daily  flows  are  observed  for  the  period  of  record  as  provided  in 
Geological  Survey  daily  summaries.  Slope  of  the  annual  curve  is 
greatest  for  the  Palouse  River  and  departure  of  the  monthly  from 
the  annual  curve  is  greatest  for  the  Palouse  and  upper  Clearwater 
Rivers  but  least  for  the  Snake  and  upper  Salmon  Rivers. 

Frequency  curves  of  annual  peak  flows  are  shown  in  figures 
399  to  410.  Most  curves  are  for  unregulated  conditions;  both  un- 
regulated and  regulated  conditions  are  shown  for  the  mainstem  Snake 
River  and  the  Clearwater  River  below  Dworshak  Reservoir.  The  curve 
with  greatest  slope  is  that  for  the  Palouse  River. 

Dependable  yields  of  the  rivers  in  the  subregion  are  given 
in  tables  221  to  232.  Each  table  shows  the  lowest  mean  flows  for 
from  1 to  10  consecutive  years  in  the  30-year  base  period  and  their 
relationship  to  the  30-year  mean.  The  difference  between  any  two 
flows  is  a measure  of  the  reservoir  storage  capacity  required  to 
make  the  higher  flow  available.  The  lowest  minimum-year  percentage 
is  that  for  Palouse  River  at  Hooper,  Washington,  which  has  a flow 
of  only  47  percent  of  the  30-year  mean.  On  the  other  hand,  the 
Clearwater  River  at  Spalding  and  the  mainstem  Snake  River  have 
minimum-year  flows  equal  to  about  68  percent  of  the  mean.  The  aver- 
age minimum-year  discharge  is  about  60  percent  of  the  mean. 


Variations  in  Discharge  Long-term  variations  in  discharge 
and  precipitation  are  presented  in  figures  411,  412,  and  413.  The 
annual  means  for  the  base  period  and  for  the  entire  period  of 
record  are  shown.  Although  the  annual  precipitation  for  a given 
year  varied  from  the  mean  by  as  much  as  104  percent,  the  5-year 
moving  average  varied  from  the  mean  by  no  more  than  48  percent. 

The  5-year  moving  averages  are  presented  in  order  to  indi- 
cate trends  more  clearly.  Streamflow  records  are  too  short  and 
Boise  and  Lewiston  are  too  sheltered  to  reveal  significant  trends, 
but  Spokane  precipitation  shows  the  usual  general  decline  from  1895 
to  1945,  with  an  increase  since  then. 

The  annual  variations  in  streamflow,  unlike  those  for 
precipitation,  are  only  moderate  for  some  streams  and  are  low  for 
others.  The  maximum  annual  discharge  of  all  streams  is  generally 
about  2.6  times  the  minimum  annual  discharge,  ranging  from  2.1  for 
the  Snake  River  to  4.2  for  the  Palouse  River. 
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Annual  variations  in  flow  are  confirmed  by  the  slopes  of 
the  frequency  curves;  the  Palouse  and  the  upper  Salmon  and  Clear- 
water Rivers  have  higher  slopes,  particularly  for  the  shorter  flood 
periods,  indicating  wide  range  from  year  to  year. 

Seasonal  variations  in  runoff  are  clearly  shown  in  the 
hydrographs  of  figures  363  to  374.  The  Salmon  River  has  an  almost 
constant  low  flow  for  7 months,  with  snowmelt  runoff  from  April  to 
August.  The  Grande  Ronde,  Palouse,  lower  Clearwater,  and  Snake 
Rivers  have  a period  of  increasing  flows  earlier  in  the  year. 

Seasonal  variations  are  confirmed  by  the  spread  of  the 
high-  and  low-flow  frequency  curves.  The  greater  spread  for  high 
flows  in  the  Palouse  and  upper  Salmon  and  Clearwater  Rivers  indi- 
cates the  greater  seasonal  range  from  low  to  high  flows.  The  long 
period  of  low  flows  in  the  upper  Salmon  River  Basin  is  shown  by  the 
narrow  spread  of  the  curves  for  periods  up  to  6 months;  it  is  also 
shown  by  the  small  departure  of  monthly  from  annual  duration  curve. 


Streamflow  Travel  Time  Limited  time-of-travel  studies  have 
been  made  for  the  larger  tributaries  of  the  Snake  River  in  Sub- 
region  6.  They  were  computed  in  connection  with  the  routing  of 
flood  waves  and  represent  only  the  higher  flows;  even  the  low  flows 
studied  are  greater  than  mean  annual.  Plots  of  accumulated  time  in 
hours  versus  river  mile  for  various  discharges  are  shown  in  figures 
414  and  415.  The  times  do  not  conform  to  expected  variations, 
i.e.:  variation  inverse  to  discharge.  There  are  insufficient  occur- 
rences well  enough  documented  to  clearly  define  travel  times.  The 
examples  given  merely  indicate  the  best  available  evidence.  The 
reason  for  the  variations  shown  probably  is  variation  in  location 
of  origin  of  streamflows;  i.e.,  whether  the  runoff-producing  storm 
occurred  high  or  low  in  the  watershed.  Probably  a fairly  accurate 
determination  for  high  flows  would  result  from  averaging  the  curves 
* and  the  flows  shown  for  each  river.  Travel  times  in  minutes  per 

mile  for  the  lower  10  miles  of  all  four  rivers  are  summarized  as 
fol lows : 


River 

Clearwater 
Salmon 
Palouse 
Grande  Ronde 


Median  Flow 
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Table  209  - Observed  Mean  Discharge,  in  CFS,  Salmon  River  near  Challis,  Idaho 

Water 
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Year 

1928 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

2019 

Aug 

1048 

Sep 

795 

Annua  1 

1929 

687 

626 

578 

608 

596 

389 

668 

2270 

3440 

1460 

634 

558 

1060 

1930 

569 

485 

618 

493 

557 

520 

1750 

2840 

36  70 

1490 

898 

662 

1210 

1911 

84  7 

638 

504 

552 

531 

567 

940 

2310 

1830 

620 

457 

439 

855 

19  >2 

501 

477 

438 

450 

479 

524 

801 

3560 

5550 

2350 

886 

679 

1390 

1932 

64  7 

639 

423 

44 1 

395 

497 

805 

1860 

6380 

1670 

736 

605 

1260 

19  34 

630 

6/2 

606 

566 

597 

843 

2153 

2816 

1584 

733 

494 

479 

1016 

1935 

563 

605 

519 

535 

503 

499 

932 

2601 

4590 

1622 

677 

520 

1181 

1936 

560 

56  7 

506 

558 

575 

519 

1867 

4788 

4150 

1282 

801 

611 

1399 

1937 

572 

539 

508 

475 

500 

524 

668 

2576 

2249 

999 

474 

447 

380 

1938 

501 

548 

620 

519 

528 

532 

1325 

4304 

6459 

2909 

1110 

798 

1682 

1939 

913 

769 

664 

618 

573 

712 

1444 

2828 

1701 

965 

520 

502 

1021 

1940 

554 

486 

520 

479 

498 

625 

1478 

3989 

3144 

1062 

557 

731 

1177 

1941 

853 

710 

583 

593 

579 

597 

963 

3895 

3122 

1241 

915 

768 

1155 

1942 

719 

821 

1025 

680 

6 36 

591 

1929 

3047 

4745 

2490 

851 

687 

1520 

1943 

673 

741 

663 

648 

633 

680 

2720 

5211 

7080 

5566 

1874 

1061 

2303 

1944 

982 

909 

725 

651 

64  7 

618 

938 

2660 

3893 

2285 

966 

718 

1333 

1943 

713 

733 

567 

618 

647 

585 

739 

2368 

3495 

2055 

855 

638 

1169 

1946 

640 

660 

602 

637 

610 

653 

1852 

4329 

4279 

2012 

949 

837 

1508 

1947 

993 

826 

716 

562 

640 

766 

1429 

5691 

4301 

2294 

1022 

795 

16  76 

1948 

853 

752 

643 

669 

593 

591 

1040 

3797 

6556 

2066 

969 

756 

1591 

1949 

824 

782 

662 

616 

658 

631 

1497 

4583 

3758 

1523 

803 

665 

1420 

1950 

753 

7 78 

662 

623 

664 

638 

1102 

3070 

5858 

3458 

1225 

1039 

1658 

1951 

108  7 

1043 

854 

717 

799 

713 

2284 

5793 

5885 

3659 

1696 

1037 

2137 

1952 

1073 

909 

819 

7 74 

705 

654 

1620 

4893 

5134 

2207 

1031 

766 

1717 

1953 

714 

630 

618 

746 

654 

643 

1202 

2435 

5657 

3590 

1220 

865 

1583 

1954 

786 

811 

692 

665 

66  7 

651 

146  7 

5081 

4357 

3082 

1154 

827 

1693 

1955 

791 

723 

615 

576 

344 

569 

608 

2378 

466  7 

2183 

908 

690 

1272 

1956 

752 

805 

1011 

804 

628 

817 

2155 

7102 

8405 

3274 

1412 

951 

2344 

1957 

995 

883 

7 78 

658 

736 

700 

934 

5113 

6763 

2564 

996 

804 

1830 

1958 

868 

724 

695 

632 

688 

598 

828 

6392 

5522 

2019 

1048 

795 

1740 

Mean 

- 754" 

710 

644 

605 

602 

622 

1338 

3819 

4607 

2158 

938 

724 

1459 

Table  210 

- 

Observed 

Mean 

Discharge 

, in 

CFS,  Salmon  River  at 

Sa lmon , 

Idaho 

Water 

Year 

1928 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

2160 

Aug 

1150 

Sep 

936 

Annua  1 

1929 

1060 

1100 

868 

84  7 

904 

1090 

1080 

2520 

3840 

1710 

783 

733 

1380 

1930 

915 

870 

1070 

816 

961 

910 

1990 

3050 

4060 

1690 

1080 

891 

1520 

1931 

1240 

1080 

875 

940 

913 

951 

1260 

2610 

2170 

74  7 

585 

673 

1170 

1932 

86  7 

820 

78  7 

800 

826 

870 

1080 

42  70 

6710 

2960 

979 

857 

1820 

1933 

1010 

1090 

718 

756 

702 

851 

1060 

2100 

7280 

2050 

898 

789 

1610 

1934 

923 

1191 

1033 

974 

972 

1171 

2325 

2990 

1852 

857 

596 

677 

1297 

1935 

885 

944 

804 

811 

799 

78  7 

1134 

26  50 

4 736 

188  8 

830 

688 

1413 

1936 

837 

982 

819 

920 

950 

910 

2181 

5023 

4751 

1499 

98  3 

841 

1724 

1937 

861 

1034 

955 

84  3 

900 

876 

900 

2666 

2478 

1229 

550 

579 

1157 

1938 

765 

801 

939 

782 

793 

811 

1555 

4 760 

7136 

3584 

1351 

1014 

2028 

1939 

1324 

1260 

1058 

941 

877 

1080 

1757 

3162 

2124 

1225 

667 

751 

1355 

1940 

906 

932 

950 

862 

909 

986 

1811 

4158 

3441 

1251 

665 

1096 

1497 

1941 

1368 

1167 

963 

941 

915 

1001 

1213 

3089 

3614 

1591 

1280 

1154 

1527 

1942 

1201 

1285 

1527 

1117 

1100 

1063 

2717 

3851 

6335 

3171 

1096 

930 

2117 

1943 

1058 

1266 

1168 

1115 

1060 

1274 

3672 

5864 

8102 

6509 

2367 

1421 

2911 

1944 

1480 

1565 

1238 

1083 

1149 

1 102 

1408 

3066 

4914 

3000 

1354 

1049 

1867 

1945 

1205 

1348 

1063 

1143 

1134 

1060 

1076 

2677 

4229 

2591 

1137 

950 

1635 

1946 

1097 

1229 

1079 

1070 

1034 

1125 

2211 

4577 

4671 

2 340 

1156 

1369 

1915 

1947 

1714 

15  34 

1380 

1100 

1230 

1400 

2054 

6711 

5284 

2840 

1380 

1198 

2326 

1948 

1529 

1430 

1226 

1172 

1135 

1095 

1445 

4338 

7637 

2679 

1277 

1069 

2167 

1949 

1381 

1437 

1212 

1148 

1184 

1230 

1863 

5198 

4414 

1803 

1040 

953 

1 908 

1950 

1260 

1324 

1196 

1019 

1180 

1096 

1448 

3254 

6793 

4118 

1545 

1458 

2142 

1951 

1559 

1694 

1428 

1175 

1271 

1251 

2855 

6610 

7089 

4215 

2145 

1364 

2 727 

1952 

1602 

1496 

1315 

1262 

1202 

1165 

2230 

5725 

6091 

2682 

1328 

1026 

2261 

1953 

1211 

1278 

1 147 

1335 

1154 

1106 

1519 

2742 

6956 

4222 

1490 

1 109 

2107 

1954 

1159 

1399 

1271 

1188 

1179 

1126 

1674 

5258 

4 764 

3579 

13  78 

1087 

2094 

1955 

1147 

1239 

993 

1023 

968 

993 

998 

2497 

5326 

2712 

1073 

905 

1657 

1956 

1136 

l 174 

1556 

1325 

1059 

153  3 

288  3 

7951 

961  1 

3570 

1612 

1284 

2907 

1957 

1486 

1435 

12  38 

1086 

1206 

1174 

1342 

6204 

8264 

3139 

12  74 

1145 

2419 

1958 

1448 

13  78 

1274 

1303 

1154 

1309 

708  7 

2415 

1342 

1116 

2273 

Mean 

1188 

1211 

1105 

1022 

1032 

1075 

1735 

4222 

5366 

2595 

1175 

1006 

1898 

496 
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Table  2 

11  - 

Observ*. 

. Mean 

01st  i.urg 

;e , in 

CFS,  Salmon  River  near  French 

i Cree 

k,  Idaho 

Water 

Year 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Se£ 

Annual 

1928 

1929 

3990 

3620 

2960 

2920 

2970 

3490 

4430 

16400 

2 7400 

9810 

8910 

4 300 
3600 

3710 

3160 

6962 

1930 

3060 

2820 

3850 

26  70 

3680 

3710 

12710 

21100 

20500 

6420 

3810 

3220 

7 296 

1931 

9140 

3300 

2 580 

2750 

2640 

3320 

6400 

17300 

9580 

3140 

2060 

2270 

4957 

1932 

2630 

2630 

2370 

2360 

2480 

3750 

8200 

32900 

35400 

11800 

4420 

3450 

9366 

1933 

3690 

3870 

2580 

2930 

2590 

3130 

6 $80 

15600 

48500 

9370 

3950 

3240 

88  2 9 

- M • 

3320 

3940 

3600 

3850 

4060 

6 3 70 

r6Q0 

18100 

8580 

3790 

2310 

22  70 

6482 

1935 

3050 

3510 

2810 

2710 

2830 

2950 

6810 

20600 

24600 

7180 

3080 

2440 

6881 

193b 

2640 

2850 

2310 

2510 

2580 

3140 

14240 

35600 

21600 

5910 

34  70 

3040 

8324 

1937 

2790 

2710 

. ■ 

2560 

2680 

2880 

4510 

19800 

15500 

5440 

2610 

2240 

5522 

1938 

2640 

28  70 

3980 

2890 

3200 

42  70 

10970 

32600 

40200 

13900 

4950 

3620 

10507 

1939 

4250 

3830 

3300 

3120 

2880 

4620 

11230 

25800 

12200 

5720 

2750 

2741 

6870 

1940 

3040 

2830 

3120 

2940 

3280 

5240 

12040 

29300 

17400 

5190 

2720 

3680 

7565 

1941 

52  70 

4 380 

3640 

3140 

3250 

42  70 

7440 

22600 

20600 

7600 

4710 

4 540 

7620 

1942 

5000 

6040 

7970 

4530 

4160 

4120 

16100 

22900 

32400 

13000 

4680 

3720 

10385 

1943 

3670 

4640 

4000 

4090 

4290 

5010 

2225D 

31000 

44900 

2 7000 

7480 

466 1 

13582 

1944 

4370 

4500 

3390 

3000 

3350 

3150 

5690 

18600 

23100 

9460 

4 520 

3530 

7222 

1945 

3558 

3926 

2918 

3163 

3413 

3254 

4428 

19850 

28750 

10530 

4353 

3552 

7648 

1946 

3634 

4131 

3416 

3474 

3332 

4488 

13240 

31610 

24460 

8850 

4285 

4828 

9170 

1947 

5743 

5347 

5453 

3744 

4359 

5901 

11390 

45520 

29560 

10850 

4984 

4419 

11480 

1948 

5243 

4835 

4288 

4234 

3762 

3635 

7965 

34490 

49410 

12833 

5533 

3903 

116  70 

1949 

4485 

4351 

3 504 

3229 

3568 

5025 

12210 

40  720 

25460 

7394 

3820 

3362 

9794 

1950 

3946 

4200 

3 784 

3397 

4076 

4411 

8016 

22640 

4586D 

19940 

6172 

4662 

10930 

1951 

5570 

6361 

5102 

4034 

5119 

46  58 

15836 

39540 

33740 

15380 

6695 

446  3 

■ 

1952 

5309 

4513 

407b 

3584 

3491 

3814 

13810 

39010 

33  770 

11530 

505  7 

36  3 7 

10980 

1953 

3597 

3464 

3240 

4068 

3690 

3920 

S ■ ■ 

19920 

46480 

19920 

5837 

3991 

10550 

. • • 

3814 

4196 

3750 

3464 

38  74 

4163 

10060 

34460 

23350 

15400 

5573 

3866 

10110 

1955 

3863 

3900 

3012 

3174 

302  7 

3221 

4312 

17520 

38000 

14240 

4833 

3696 

8569 

195b 

4075 

4629 

5949 

4651 

3742 

6111 

17350 

47850 

46190 

1 3620 

6313 

4632 

13770 

1957 

4660 

4650 

3990 

3210 

4130 

5150 

7710 

44260 

41090 

11500 

4770 

3980 

11592 

1958 

4480 

3990 

3680 

3210 

4290 

3900 

7300 

41630 

31330 

9290 

4780 

3750 

10136 

Mean 

3984 

4028 

3705 

mmm 

'4169 

10303 

28640 

30164 

10837 

44  71 

3619 

Table  21 

2 - 

Mod  1 1 ied 

Mean 

Discharge,  in 

CFS,  Salmon  River  at 

Wfiitebird,  Idaho 

Water 

Year 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Annua  1 

1928 

1929 

44  70 

4140 

3518 

3398 

34  38 

4276 

5390 

19390 

32090 

10990 

9980 

4810 

4020 

-.120 

3510 

8135 

1930 

3430 

3220 

4588 

3108 

4268 

4546 

15490 

24890 

23990 

7190 

4260 

3580 

8547 

1931 

4630 

3770 

3068 

3198 

3058 

406( 

7800 

20390 

11190 

3510 

2300 

2520 

5792 

1932 

2950 

3010 

2818 

2738 

28  78 

4 586 

9990 

38890 

41390 

13190 

4940 

3830 

10934 

1933 

4140 

4420 

3068 

3408 

2998 

3826 

7770 

18390 

56690 

10490 

4410 

3600 

10267 

1934 

3721 

4503 

42  79 

44  70 

4 708 

7805 

21510 

21340 

10030 

4234 

2577 

2525 

7642 

1935 

3420 

4013 

3343 

3154 

3283 

3613 

8300 

24310 

28810 

8041 

3439 

2715 

8037 

1936 

2963 

3258 

2747 

2921 

2992 

3839 

17360 

42130 

25220 

6617 

38  74 

3 380 

9775 

1937 

3131 

3097 

3025 

2973 

3104 

3529 

548  7 

234  50 

18140 

6090 

2917 

2486 

6452 

1938 

2962 

3281 

4734 

3357 

3714 

5225 

1 3370 

38560 

47010 

15580 

5528 

4026 

12279 

1939 

4 768 

4380 

3929 

3631 

3 344 

5655 

1)690 

30450 

14300 

6403 

3075 

3046 

8056 

1940 

3405 

3232 

3716 

3420 

3792 

6418 

14680 

34670 

20360 

5811 

3044 

4094 

888  7 

1941 

5912 

5002 

4330 

3650 

3773 

5233 

906  7 

26660 

24050 

8516 

5264 

5042 

8875 

1942 

5613 

6907 

9490 

5260 

4824 

5048 

19600 

2 7040 

37340 

14530 

5228 

4135 

12126 

1943 

4113 

5303 

4759 

4759 

4980 

6139 

27120 

36  590 

52520 

30240 

8361 

1 • 

15839 

1944 

4900 

5145 

4031 

3491 

3885 

3862 

6929 

22050 

2 7040 

10600 

5049 

3926 

8409 

1945 

3803 

4348 

3203 

3516 

3918 

4021 

5807 

24440 

34940 

12000 

4865 

4008 

9072 

1946 

4051 

464  5 

404 1 

4147 

382  7 

3564 

15690 

35980 

2 7 300 

10100 

484) 

5387 

10465 

194  7 

6)10 

6291 

6982 

4288 

4946 

7092 

1 3530 

51990 

32460 

11680 

5429 

4791 

12982 

1948 

5966 

5528 

4926 

504  7 

4499 

4496 

10590 

42400 

60010 

14090 

6555 

4670 

14065 

1949 

5172 

5057 

4040 

3682 

4092 

6228 

14)60 

47850 

28770 

8306 

4234 

3677 

11289 

1950 

4310 

46  34 

4233 

3 781 

4528 

5333 

9765 

24860 

30480 

21800 

6826 

5185 

12145 

1951 

6 399 

7219 

5849 

46 1 6 

5884 

5408 

18170 

44020 

37180 

16/40 

7224 

4856 

136  30 

1952 

5934 

5166 

4894 

4203 

4296 

4)b9 

16940 

4)750 

39520 

1 3230 

5688 

4128 

12693 

1953 

3927 

3808 

3 709 

. 3 

4290 

4739 

10420 

2 3070 

5 3430 

22  780 

6410 

4349 

12140 

1954 

42  It 

4535 

4190 

3997 

4595 

507  5 

118  70 

39080 

32800 

16870 

5991 

4362 

11465 

195  5 

4264 

4249 

3342 

3460 

3319 

3512 

5450 

20410 

43180 

16470 

5423 

4127 

9767 

1956 

4618 

5 550 

7729 

5731 

4299 

7424 

20300 

56020 

52390 

14580 

6661 

4893 

15891 

19 ; 7 

5185 

5250 

4637 

3 708 

4 758 

6199 

9375 

5 1430 

47160 

12810 

5282 

13351 

1958 

-*986 

4 304 

4280 

3 70) 

4 9-*  7 

4711 

8883 

*8  380 

15960 

10340 

5293 

4170 

11680 

Mean 

44)5 

4 382 

)8'.: 

5068 

1249<1 

13429 

34891 

12094 

496  7 

-*020 

1 0b  90 

97 


Table  213 

Ob! 

served 

Mean  Discharge, 

, in  CFS,  Grande  Rande  River 

at  Rondowa, 

Oregon 

Water 

Year 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Annua  1 

1928 

1290 

569 

Til 

1929 

574 

600 

530 

521 

bib 

2220 

2555 

4411 

4453 

1160 

419 

386 

1519 

1930 

433 

413 

525 

372 

2240 

2090 

3195 

2830 

2440 

720 

391 

370 

1324 

1931 

496 

495 

423 

600 

719 

1760 

2825 

3940 

1940 

444 

269 

321 

1175 

1932 

359 

441 

526 

532 

709 

5185 

7511 

7820 

3920 

1590 

494 

400 

244  7 

1933 

475 

814 

808 

799 

585 

2430 

4185 

5401 

787  7 

1780 

545 

520 

2174 

1934 

531 

718 

1467 

2141 

1524 

2811 

3214 

2214 

1531 

597 

362 

343 

1444 

1935 

475 

719 

975 

850 

1058 

1331 

3728 

4245 

2899 

879 

357 

323 

1476 

1936 

381 

404 

343 

722 

516 

2499 

6480 

6531 

2511 

567 

299 

3 30 

1788 

1937 

343 

342 

369 

283 

375 

1656 

3071 

4940 

3428 

804 

319 

318 

134  3 

1938 

439 

600 

1174 

1059 

1 108 

2675 

4404 

5135 

4221 

1371 

533 

442 

1919 

1939 

525 

653 

724 

596 

624 

3705 

4454 

4437 

1 9°  3 

913 

386 

382 

1599 

1940 

457 

441 

5 36 

732 

2085 

3086 

3 7 76 

37  74 

2070 

5 73 

302 

4 78 

1515 

1941 

751 

926 

1 165 

899 

1026 

1695 

2010 

3675 

4482 

1704 

575 

933 

164  3 

1942 

9 74 

1482 

2257 

1064 

1472 

204  7 

5621 

5188 

4149 

2225 

614 

516 

2290 

194  3 

498 

853 

1605 

1697 

2 349 

3349 

7798 

5393 

5833 

3949 

993 

664 

2904 

1944 

603 

718 

577 

457 

615 

1335 

24  74 

3176 

3212 

101b 

431 

422 

1242 

1945 

462 

548 

448 

84  3 

1461 

1586 

2903 

5 78  3 

500  7 

1593 

54  3 

494 

1795 

1946 

491 

777 

1248 

1437 

1 164 

3703 

5800 

7066 

4 390 

2049 

648 

720 

244  7 

1947 

796 

1037 

3202 

1240 

2646 

2853 

3806 

5576 

3645 

1 34  7 

545 

540 

2259 

1948 

961 

1486 

1706 

2003 

1965 

2039 

58  70 

9950 

96  32 

2393 

846 

580 

3271 

1949 

679 

755 

685 

554 

1568 

4269 

5975 

8533 

3817 

1115 

501 

444 

2397 

1950 

568 

725 

777 

76  7 

2236 

3794 

4964 

5486 

6^*4 1 

2822 

792 

5 34 

2481 

1951 

786 

1013 

1371 

1405 

2988 

2519 

5530 

5594 

3197 

1329 

537 

493 

2221 

1952 

803 

848 

901 

656 

1108 

2081 

5937 

7384 

4833 

2117 

697 

585 

2319 

1953 

475 

479 

484 

1715 

2564 

2525 

4179 

5921 

7129 

3440 

942 

571 

2525 

1954 

543 

6 78 

1020 

1030 

17  34 

1690 

3596 

4398 

3686 

1788 

723 

613 

1731 

1955 

557 

577 

489 

\9b 

5 39 

804 

3101 

506  7 

5526 

2082 

490 

505 

1675 

1956 

657 

1 1 12 

2722 

2486 

1401 

3984 

7315 

8904 

5822 

2042 

741 

616 

3139 

1957 

616 

694 

138  7 

704 

1667 

4053 

5093 

8711 

4789 

1440 

615 

511 

2513 

1958 

698 

666 

1391 

1177 

3924 

2140 

5332 

8369 

6082 

1439 

618 

548 

2699 

Table  214 

- Observed  Mean  1 

discharge. 

, in  CFS,  Selway  River  near 

Lowe  1 1 

, Idaho 

Water 

Year 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Se£ 

Annua  1 

1928 

3030 

1025 

740 

1929 

1055 

760 

645 

515 

565 

1490 

3075 

11480 

11280 

2380 

720 

495 

2872 

1930 

520 

513 

86  7 

462 

1580 

1720 

9360 

9710 

64  70 

1500 

627 

582 

2 740 

1931 

1050 

897 

715 

820 

835 

1620 

44  70 

11600 

4460 

958 

484 

531 

2380 

1932 

503 

644 

672 

641 

899 

2460 

6720 

16  700 

12  700 

28  70 

789 

588 

3850 

1933 

684 

1340 

986 

899 

68  7 

1330 

5160 

10400 

21600 

3280 

823 

614 

39  70 

1934 

1639 

248  5 

3838 

3710 

2929 

6240 

13210 

10170 

3090 

918 

441 

403 

4092 

1935 

679 

1338 

1045 

920 

1064 

1495 

4944 

12220 

9199 

1984 

6 30 

4 38 

3002 

1936 

454 

480 

457 

629 

560 

1623 

11550 

18760 

6186 

1297 

597 

518 

3598 

1937 

446 

399 

480 

325 

420 

904 

2305 

11970 

7745 

1549 

599 

404 

2 306 

1938 

446 

585 

1021 

921 

896 

174  7 

7100 

14130 

10690 

2056 

738 

481 

340  7 

1939 

633 

76  7 

1065 

863 

7 74 

2416 

7 744 

15050 

5460 

1820 

606 

481 

3154 

1940 

565 

556 

939 

991 

1264 

2602 

6692 

12460 

5326 

1044 

46  3 

600 

2795 

1941 

924 

868 

1001 

861 

862 

1480 

3 706 

8018 

5191 

1710 

761 

1353 

2233 

1942 

1980 

2598 

2756 

1526 

1125 

1509 

7737 

8926 

8587 

2675 

807 

591 

3404 

1943 

558 

1376 

1544 

1601 

1514 

2498 

1 1490 

13160 

16150 

6756 

1208 

680 

48  7 7 

1944 

621 

792 

608 

464 

620 

827 

3030 

10220 

7 12  j 

1884 

775 

56  3 

2297 

1945 

521 

596 

538 

935 

1020 

1083 

2836 

13560 

10720 

2 584 

728 

702 

2994 

1946 

835 

1606 

1355 

1359 

1136 

2815 

8046 

14230 

8695 

2792 

968 

989 

3745 

1947 

2214 

2178 

4451 

1664 

2252 

3086 

7033 

20720 

10440 

3123 

937 

782 

4926 

1948 

1474 

1795 

1835 

2020 

1599 

1570 

5729 

19570 

1 7670 

3242 

1395 

778 

4890 

1949 

797 

1016 

809 

635 

933 

2570 

8920 

22430 

10910 

2359 

777 

584 

4413 

1950 

853 

1619 

1593 

1406 

2062 

2914 

648  3 

12630 

19290 

6440 

1491 

791 

4 796 

1951 

1645 

2330 

2241 

1687 

2923 

1790 

7818 

15440 

10620 

3646 

961 

627 

4311 

1952 

1251 

1093 

1002 

768 

1011 

1402 

9220 

17130 

10160 

2385 

924 

519 

3898 

1953 

417 

414 

456 

1132 

1446 

14  38 

4305 

10210 

16400 

4782 

920 

509 

3532 

1954 

463 

592 

7 70 

708 

1269 

1583 

5824 

15970 

11990 

5084 

1124 

701 

3851 

1955 

708 

762 

707 

689 

668 

692 

2580 

11830 

18860 

6268 

l . H 

735 

3818 

1956 

96  5 

1785 

2 709 

1892 

1 183 

2543 

9889 

19960 

11660 

26  72 

976 

669 

4 748 

1957 

773 

982 

1304 

775 

1198 

2369 

4747 

18820 

12380 

2441 

797 

526 

3940 

1958 

625 

595 

734 

648 

1479 

1400 

4235 

1 7950 

8216 

1914 

7 78 

6b  7 

3283 

Mean 

- 877 

1121 

1 

TosT 

iTTft 

j 9 74 

6499  ' 

liTST" 

W64  2 

“?8T4 

8)3 

6 30 

)<,D4 

498 


Water 

Year 

1928 

Table 

215  - • 

ibserved 

Mean 

Discharge,  in 

CFS,  Lochsa  River  near 

Lowe  1 1 , 

, Idaho 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

1870 

Aug 

635 

Se£ 

455 

Annua  1 

1929 

650 

46  5 

395 

320 

345 

920 

1895 

7080 

6955 

14  70 

440 

305 

1770 

1910 

386 

345 

873 

391 

1470 

1580 

6960 

6820 

4150 

1080 

476 

469 

2080 

1931 

787 

833 

605 

633 

726 

1760 

4310 

9030 

2980 

734 

348 

369 

1930 

1932 

377 

511 

475 

464 

692 

2170 

5750 

13200 

8520 

1910 

594 

435 

29  30 

1933 

>7  3 

1320 

796 

778 

558 

1190 

4210 

8360 

16400 

2290 

628 

528 

3130 

1934 

1657 

2454 

4844 

4245 

2697 

5250 

10750 

7353 

2432 

74  7 

358 

326 

3596 

1935 

606 

1145 

833 

7 76 

873 

1419 

4080 

9205 

6005 

1355 

4 78 

326 

2263 

1936 

363 

360 

359 

491 

414 

1176 

8295 

13080 

4204 

913 

399 

367 

2538 

1937 

3 32 

294 

354 

251 

325 

677 

1946 

9073 

5470 

1130 

459 

310 

1724 

1938 

343 

517 

886 

322 

723 

1523 

5989 

10810 

7270 

1514 

527 

351 

2612 

1939 

474 

581 

827 

663 

56  5 

1669 

5926 

10240 

3508 

1204 

407 

319 

2208 

1940 

417 

401 

854 

913 

1245 

2442 

5802 

8680 

3579 

734 

326 

386 

2149 

1941 

563 

641 

829 

665 

638 

1203 

2738 

5293 

348  7 

1 18b 

542 

1156 

1581 

1942 

1553 

1993 

2492 

1210 

854 

1068 

5209 

5903 

5339 

1799 

567 

398 

2368 

1943 

38  5 

1112 

1138 

1148 

1012 

1733 

8382 

10660 

12310 

483  1 

861 

460 

3671 

1944 

449 

530 

48  7 

371 

501 

693 

2472 

6816 

4684 

1342 

550 

455 

1614 

1945 

423 

538 

499 

mi 

970 

1037 

2590 

10970 

6875 

1684 

515 

526 

2319 

1946 

587 

1280 

1151 

1183 

891 

2119 

6322 

10310 

5474 

1874 

64 1 

589 

2709 

194  7 

L423 

1735 

3919 

1564 

1959 

2426 

5537 

13840 

7213 

2032 

6 74 

595 

3587 

1948 

1233 

1407 

1426 

1771 

1357 

1419 

5074 

15500 

12120 

2141 

931 

501 

3742 

1949 

553 

764 

601 

530 

738 

1814 

6267 

16630 

7310 

1658 

561 

455 

3170 

1950 

673 

1196 

1226 

1150 

1533 

2411 

5115 

10020 

14950 

4709 

1210 

j98 

3732 

1951 

146  7 

2316 

2 306 

1777 

2548 

1584 

6237 

11570 

7488 

2649 

684 

466 

3424 

1952 

1104 

939 

917 

645 

762 

1057 

668  7 

12240 

6490 

1686 

573 

365 

2 791 

1953 

287 

289 

330 

1006 

1356 

1241 

3401 

7 748 

10920 

3035 

66  7 

3 74 

2551 

1954 

316 

466 

635 

611 

1049 

I29t 

4797 

13080 

9753 

3995 

977 

621 

3142 

1955 

58  7 

680 

621 

551 

564 

597 

2124 

9089 

13610 

4082 

875 

534 

2829 

1956 

725 

1322 

2272 

1526 

959 

1711 

7361 

15110 

8830 

2165 

715 

462 

3602 

1957 

590 

881 

1237 

6 74 

969 

1963 

4239 

14800 

8742 

17  38 

587 

388 

3079 

1958 

489 

458 

583 

548 

1249 

1177 

4035 

13700 

5578 

1382 

542 

498 

2529 

Table  216  - Observed  Mean  Discharge,  in  CFS,  Clearwater  River  at  Kamiah,  Idaho 


Water 

Year 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Se£ 

Annual 

1928 

6100 

2120 

1550 

1929 

2150 

1600 

1340 

1110 

1160 

3340 

7110 

24200 

2 3300 

4840 

1460 

1020 

6070 

1930 

1139 

1110 

2040 

1040 

3680 

3850 

19700 

18900 

13500 

3160 

1310 

1360 

5880 

1931 

2190 

2020 

1550 

1730 

1900 

3990 

11100 

25400 

8330 

1940 

977 

1060 

5200 

1932 

1220 

1360 

1350 

1250 

1820 

6 560 

16300 

41100 

24300 

5240 

1630 

1220 

8640 

1933 

1480 

3090 

2200 

2170 

1540 

3560 

12200 

23100 

49200 

6340 

1610 

1410 

8970 

1934 

3243 

5186 

9300 

9357 

6815 

13  780 

2 7620 

19000 

6395 

1924 

853 

806 

8691 

1935 

1583 

2805 

2192 

1997 

2312 

3836 

11050 

24570 

17060 

3986 

1339 

946 

6151 

1936 

1082 

1102 

1018 

1445 

1262 

4497 

24210 

36550 

12200 

2692 

1174 

1050 

7365 

1937 

955 

857 

1083 

743 

959 

2107 

6038 

246  30 

15270 

3329 

1257 

860 

4862 

1938 

968 

1389 

2355 

2020 

2095 

4742 

16660 

29280 

20260 

4212 

1521 

1050 

7227 

1939 

1434 

1746 

2177 

1882 

1663 

5493 

16300 

28100 

10280 

3587 

1170 

950 

6258 

1940 

1196 

1149 

2026 

2336 

3523 

6775 

15790 

23370 

9831 

2028 

903 

1169 

5842 

1941 

1892 

1958 

2272 

1850 

1893 

3319 

7958 

154  70 

12050 

3757 

1630 

2916 

4755 

1942 

4236 

568  7 

6328 

3346 

2972 

3733 

16690 

194  70 

17090 

5 740 

1687 

1252 

7358 

1943 

1188 

3016 

3380 

3432 

3598 

5781 

24900 

28210 

32330 

13130 

2497 

1458 

10240 

1944 

1355 

1672 

1336 

1074 

1441 

; 4 » 

78  72 

19990 

14190 

4189 

1637 

1236 

48  52 

1945 

1162 

1422 

1234 

2568 

2720 

3002 

7327 

29080 

21110 

5300 

1502 

1577 

6516 

1946 

1694 

3429 

2875 

3184 

2549 

17840 

28050 

15970 

5487 

1875 

1910 

76  34 

194  7 

398  7 

4578 

101 10 

4100 

5408 

7239 

• )90 

39070 

20050 

6003 

1937 

1711 

10050 

1943 

3205 

4095 

4424 

5097 

3893 

4625 

15060 

45220 

36910 

6973 

2932 

1605 

11170 

1949 

16  76 

2229 

175/ 

1528 

244  3 

6932 

19380 

45460 

20160 

• ■ . 

1586 

1300 

9129 

1950 

1885 

3337 

3424 

3026 

4835 

7454 

14890 

27140 

38890 

12520 

32  34 

1620 

10180 

1951 

3469 

5518 

5609 

4222 

6828 

4733 

17340 

31520 

20280 

6959 

1885 

1246 

9131 

1952 

2690 

2 38  * 

2376 

1779 

2373 

3398 

19550 

36210 

19730 

1692 

1121 

8194 

1953 

917 

918 

. 

28  70 

3836 

■ 

9986 

22  230 

32220 

8824 

1850 

1071 

7436 

1954 

1021 

1391 

1804 

1629 

3003 

12910 

32460 

2 5080 

10240 

2551 

1613 

8126 

1955 

1587 

1788 

1492 

1484 

1555 

1623 

688  7 

2 5830 

3 7460 

12780 

2640 

1551 

806  7 

1956 

2036 

3994 

644  1 

4729 

2775 

6736 

22170 

40950 

23780 

5919 

2040 

1397 

10260 

1957 

1727 

2321 

3115 

1808 

3046 

6 766 

12510 

42730 

25170 

1 >8 

1714 

1197 

8972 

1958 

1455 

1417 

1735 

1557 

3536 

• 

1 16  70 

35560 

16200 

4080 

1662 

1507 

6989 

Mean 

1361 

2486 

2 98  1 

2 545 

2914 

4899 

14834 

2 9428 

21286 

5666 

1725 

1 340 

■ . 

499 
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Table  217. 

Modified 

Mean  Discharge,  in 

CPS,  Clearwater  River 

at  Spalding, 

Idaho 

Wacer 

Year 

Oct 

Nov 

Pec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Annual 

1928 

10000 

4360 

5820 

1929 

7571 

8877 

3590 

3468 

5699 

10076 

15200 

27855 

2 5600 

8190 

3700 

3792 

10302 

1930 

5741 

766  7 

5250 

12119 

96  70 

11729 

28557 

22690 

15900 

5511 

3550 

3440 

10965 

1931 

4410 

4200 

9680 

13471 

9375 

12100 

25006 

26250 

11000 

4250 

3104 

3200 

10504 

1932 

3270 

3590 

3701 

11235 

4350 

20600 

33782 

46839 

34990 

9350 

3968 

4420 

15008 

1933 

6471 

12867 

6000 

13655 

10758 

14839 

23300 

30865 

58223 

11700 

4180 

5070 

16494 

1934 

10684 

1 72  74 

33250 

28480 

15940 

34532 

37670 

30582 

10760 

4307 

3108 

2965 

19129 

1935 

6726 

11528 

5954 

8110 

9713 

11276 

19330 

29959 

27540 

7119 

3601 

3689 

12045 

1936 

5673 

7828 

3203 

13036 

12331 

12806 

35173 

47052 

20650 

5091 

3380 

3660 

14157 

1937 

5389 

7410 

3238 

106  71 

7536 

7701 

19108 

28720 

17837 

5603 

3522 

3005 

9978 

1938 

3120 

3588 

5112 

13885 

11421 

11485 

25940 

36342 

30940 

7386 

3763 

3982 

13080 

1939 

62  78 

9115 

5289 

4904 

7697 

14424 

24367 

35885 

16370 

6105 

3349 

3484 

11439 

1940 

5772 

7916 

5548 

6144 

14120 

16633 

23428 

30236 

14842 

7162 

4646 

3287 

11644 

1941 

4384 

8398 

7847 

7152 

9065 

7633 

11136 

18325 

24540 

9256 

4764 

5415 

9826 

1942 

6682 

8590 

12701 

7465 

9406 

8592 

20990 

24215 

24216 

9488 

4010 

4362 

11726 

1943 

5770 

12195 

8382 

15435 

14469 

20818 

44036 

38255 

43003 

20910 

5285 

4811 

19447 

1944 

6397 

9142 

4575 

3966 

5669 

9807 

17258 

23355 

2148  7 

10465 

4376 

3630 

10010 

1945 

3275 

3589 

4036 

14440 

9987 

8773 

17131 

35820 

29492 

7769 

3616 

3926 

11821 

1946 

5418 

6044 

10593 

13289 

11026 

13192 

25600 

35888 

2 5 703 

972J 

4204 

5443 

13844 

1947 

10051 

14338 

23982 

16625 

15429 

17637 

25264 

47826 

30640 

9633 

4278 

5258 

18430 

1948 

10070 

14989 

10757 

18660 

14628 

24320 

34390 

63319 

54023 

12420 

5890 

5899 

22447 

1949 

6920 

10688 

511*8 

13223 

15590 

22308 

31347 

54186 

30280 

8335 

3920 

4460 

17200 

1950 

6975 

11382 

6931 

14459 

15016 

28860 

34910 

36954 

4 7690 

21800 

6780 

5381 

19762 

1951 

10193 

16781 

13865 

13148 

15755 

22147 

27710 

40599 

30420 

10860 

4178 

4598 

17521 

1952 

9500 

11162 

7012 

11933 

99  70 

10955 

31676 

46469 

30030 

9148 

3976 

4323 

15513 

1953 

5354 

7568 

3090 

15284 

13279 

7892 

18855 

29127 

42187 

13480 

4363 

4173 

13721 

1954 

5577 

8732 

5595 

13369 

11702 

19268 

22727 

40272 

31550 

17420 

5161 

5114 

15540 

1955 

7873 

9683 

4303 

10614 

9543 

6840 

18330 

31594 

45090 

20150 

5502 

5138 

14555 

1956 

8093 

15057 

17749 

16146 

9546 

32094 

42374 

50180 

33287 

10890 

4860 

5002 

20440 

1957 

7119 

10556 

8100 

13107 

14955 

16381 

23480 

53145 

35037 

8542 

4138 

4247 

16567 

1958 

6515 

8 742 

5284 

12477 

14019 

9597 

23434 

42808 

25630 

10000 

4360 

5820 

14057 

Mean 

6576 

9656 

8326 

12332 

11255 

15510 

26050 

36854 

29b32 

10069 

4251 

4366 

14573 

Table 

218. 

Modified  Mean  Discharge,  in 

CFS,  Snake  River  near 

Clarkston,  Washington 

Water 

Year 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Au$ 

Sep 

Annual 

1928 

33880 

19370 

20340 

1929 

24161 

29983 

23036 

29079 

32628 

49170 

41594 

64281 

66370 

22092 

17280 

19192 

34906 

1930 

22271 

24743 

26556 

39602 

37546 

40129 

58774 

52280 

45080 

15692 

18180 

19224 

33340 

1931 

21420 

20717 

28146 

44315 

38584 

41101 

54316 

56661 

26724 

11689 

14464 

16340 

31206 

1932 

17490 

19610 

23336 

38827 

22011 

56330 

62266 

98389 

85330 

27479 

13369 

20567 

40417 

1933 

23972 

32919 

26115 

33074 

41485 

49422 

50836 

74135 

127683 

27787 

15558 

20840 

43652 

1934 

26156 

36  747 

50415 

51690 

54266 

59449 

72020 

67868 

28338 

14564 

11874 

11526 

40409 

1935 

21415 

28615 

25486 

28047 

39804 

35274 

41400 

68616 

6688  7 

21813 

12602 

12264 

33519 

1936 

20667 

25501 

21247 

36411 

46  538 

52324 

69262 

99712 

60002 

21530 

17936 

19580 

40892 

1937 

21967 

25719 

21899 

3802  7 

35526 

386  36 

52872 

60960 

42967 

14946 

8998 

17910 

31702 

1938 

17831 

16779 

2 7063 

39574 

55031 

67187 

78664 

86112 

89419 

39620 

20327 

19120 

46  394 

1939 

24737 

29789 

27264 

29739 

37238 

58292 

57128 

84715 

35930 

15812 

1484  7 

19370 

36238 

1940 

22756 

25929 

25803 

31644 

53532 

65354 

59646 

88102 

41632 

17032 

18086 

19514 

39086 

1941 

22429 

28990 

30633 

33724 

44120 

46565 

32915 

64145 

65849 

30318 

22922 

20332 

36912 

1942 

17945 

26613 

45508 

37539 

55350 

52517 

61436 

84585 

69796 

29100 

12263 

21292 

42829 

1943 

23270 

33555 

33438 

47140 

72363 

91329 

118356 

147284 

107773 

58900 

16960 

20534 

64242 

1944 

26004 

30850 

25942 

29005 

38310 

44907 

46119 

53538 

74862 

33817 

20020 

19758 

36928 

1945 

19059 

21687 

24398 

41937 

38953 

38861 

48112 

80065 

77452 

24449 

17750 

25163 

38157 

1946 

26994 

21952 

28  710 

4066  7 

59296 

8 36  34 

8 5644 

86328 

67214 

32750 

19290 

24210 

48057 

1947 

32161 

39943 

59204 

42335 

67345 

75321 

59530 

113276 

79363 

32468 

20125 

22646 

53643 

1948 

31064 

39429 

36333 

45735 

64013 

74056 

82566 

129919 

144877 

44480 

23400 

23460 

61611 

1949 

28141 

32793 

27976 

39858 

64052 

8 76  70 

74367 

121326 

73747 

28200 

19104 

20690 

51494 

1950 

26446 

31016 

28326 

38294 

68  766 

91346 

89560 

95484 

114620 

52340 

18561 

236  70 

56536 

1951 

35688 

43921 

41485 

39192 

86172 

88017 

98117 

96979 

78400 

40779 

22380 

21580 

57  768 

1952 

32986 

3446  7 

36  5 73 

40790 

64003 

81912 

92336 

157790 

110290 

42600 

21518 

22416 

61473 

1953 

24721 

27505 

24618 

49577 

65433 

61803 

61442 

87657 

113397 

44610 

19627 

22100 

50208 

1954 

25441 

29843 

29036 

36562 

62758 

71447 

54172 

91882 

76742 

48512 

22330 

22192 

47576 

1955 

27226 

29871 

24939 

32838 

43398 

35202 

40  708 

73119 

104847 

44869 

16602 

20410 

41169 

1956 

26011 

35757 

52501 

46071 

62654 

107734 

98098 

134565 

133957 

40530 

24100 

23890 

65489 

1957 

29481 

33893 

33773 

36  744 

66305 

83093 

81980 

126265 

121073 

34280 

21994 

22366 

5 7604 

1958 

28856 

30572 

30102 

37103 

72233 

69155 

84814 

110588 

87519 

33880 

19370 

20340 

■THU 

Mean 

24959 

29657 

31329 

38505 

52990 

63241 

66968 

91888 

80605 

31565 

18078 

20417 

45850 

500 
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Table  2 

19 

Observe! 

u Mean 

Di  sc  bar*: 

e,  in 

CFS,  Pa 

1 »>• j s e 

River  at 

Hooper, 

Wa  shin 

on 

Water 

Year 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

SV£ 

Annua  1 

1928 

61 

10 

13 

1929 

53 

90 

1 76 

497 

683 

1210 

• *17 

198 

147 

55 

5 

9 

312 

1930 

27 

82 

174 

46  3 

1720 

365 

900 

135 

93 

47 

) 

10 

352 

1931 

32 

b 1 

113 

4b  1 

IblO 

1 060 

633 

139 

62 

39 

0 

2 

332 

1932 

lb 

47 

10b 

403 

706 

19  70 

12  30 

361 

183 

63 

8 

12 

442 

1933 

27 

102 

1 31 

332 

1610 

887 

800 

20  3 

340 

65 

10 

1 3 

393 

19  34 

40 

1 )H 

127 

2390 

1 300 

1 750 

1300 

11) 

58 

2 

3 

622 

19)3 

21 

7) 

323 

12  30 

894 

1 1 30 

1500 

484 

123 

50 

3 

486 

193b 

lb 

43 

102 

4 74 

688 

1190 

1680 

319 

120 

47 

5 

12 

408 

193  7 

19 

40 

103 

342 

o62 

9b« 

36  7 

213 

97 

47 

3 

256 

19)8 

19 

60 

169 

b08 

998 

1610 

14  70 

♦8  5 

213 

74 

10 

1 3 

477 

19)9 

37 

78 

1 37 

> 1 ' 

846 

1660 

1080 

2i) 

7 3 

48 

10 

397 

1940 

2b 

50 

124 

569 

1900 

1400 

1220 

258 

88 

48 

3 

13 

47) 

1941 

47 

90 

lb9 

615 

1520 

7 74 

317 

147 

1 1 3 

33 

11 

35 

341 

1942 

68 

188 

88  7 

7 >0 

1250 

1110 

1330 

229 

157 

66 

1 1 

18 

305 

194  3 

34 

122 

252 

1230 

2000 

IV  70 

2550 

424 

J22 

1J2 

j; 

2 7 

738 

1944 

bl 

113 

144 

505 

805 

968 

600 

137 

125 

55 

10 

15 

295 

1943 

31 

73 

111 

640 

1280 

1 100 

56  7 

342 

183 

61 

n 

20 

368 

1946 

42 

142 

294 

1100 

2680 

1610 

16  50 

42) 

142 

60 

1 3 

3) 

682 

194  7 

92 

222 

2550 

952 

2190 

1320 

M 

582 

1 70 

bl 

15 

28 

779 

1948 

89 

183 

355 

1610 

3130 

1450 

1 3 30 

17  70 

66  7 

290 

32 

30 

911 

1949 

52 

100 

161 

64  7 

1560 

2 3 70 

1 380 

710 

140 

55 

1 1 

2-) 

600 

1930 

55 

1 10 

160 

66b 

1800 

1950 

1320 

344 

327 

115 

45 

35 

577 

1931 

105 

277 

629 

12  70 

3710 

184  5 

1 104 

431 

252 

72 

22 

27 

812 

1932 

117 

158 

)45 

329 

2 791 

26)4 

2 345 

715 

198 

Di 

>3 

41 

813 

1933 

45 

64 

118 

I960 

2029 

1291 

790 

7)6 

3 7*; 

95 

35 

3() 

622 

1934 

4b 

99 

)92 

675 

1809 

1 1 35 

> 

417 

2 54 

81 

37 

60 

489 

1935 

72 

120 

153 

513 

754 

89b 

i 528 

898 

226 

HI 

1 7 

21 

4)7 

1936 

93 

349 

2101 

2145 

1 181 

3488 

20 '1 

961 

282 

94 

35 

3H 

1072 

1957 

7b 

119 

283 

146 

1469 

2191 

14  >1 

1)35 

319 

72 

31 

20 

621 

1938 

bl 

89 

311 

862 

2697 

1036 

2042 

648 

174 

64 

l J 

18 

651 

Mean 

51 

l lb 

37) 

8)8 

1615 

1491 

1250 

494 

201 

75 

17 

21 

521 

Table  2 

20  “ 

MoJ i f led  Mean 

Discharge,  in 

CFS,  Snake  River  be  1 . 

u Ice 

Harbor 

Dan 

Water 

Year 

Oc  t 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

Mav 

Jun 

Jul 

Au^ 

Se£ 

Annua l 

1928 

30500 

17290 

18600 

1929 

23431 

30)93 

2 3206 

29409 

342  58 

50940 

41094 

61361 

62640 

21822 

16530 

18262 

344  3 7 

1930 

21751 

24643 

26926 

39242 

404  56 

40229 

55404 

49370 

42130 

14452 

1 7050 

18044 

324  7i 

1931 

21570 

20907 

28686 

448  75 

39154 

41381 

55  58b 

53641 

256  74 

11509 

1 3 704 

15660 

31029 

1932 

18100 

20560 

24152 

4005  7 

22091 

58860 

b2  596 

96189 

84240 

302)9 

14159 

21637 

4107  3 

193) 

24512 

3 3849 

27105 

35144 

42855 

50982 

50486 

72895 

126083 

28977 

1 7458 

21970 

44  360 

1934 

26196 

38297 

51335 

54860 

56826 

59739 

69565 

66  708 

28908 

16054 

12884 

12206 

41132 

1935 

21475 

29285 

26626 

28677 

41244 

36234 

40860 

6 5 706 

6 5477 

22553 

14372 

13024 

33794 

1936 

21127 

26241 

21977 

3751  1 

4 7888 

538  74 

65622 

97312 

60192 

2 3460 

19026 

20460 

41224 

1937 

22277 

26409 

22389 

38017 

3698b 

396  36 

52792 

58440 

4204  7 

1 7646 

10578 

18680 

32158 

19)8 

18351 

1 7429 

2894) 

41244 

56621 

68697 

764  70 

83912 

91719 

52610 

22207 

19760 

47330 

1939 

25767 

30669 

2 76  74 

29989 

37868 

58  382 

56  328 

82475 

3 7090 

1 7882 

16  567 

20  360 

36  7 54 

1940 

22836 

2 7229 

26)23 

32424 

53532 

66544 

58546 

858  32 

42362 

18932 

19726 

204  34 

39560 

1941 

23389 

31480 

32073 

35504 

4 5860 

47675 

3)455 

63255 

67599 

31701 

2)582 

21512 

38090 

1942 

19275 

28433 

47338 

39609 

58120 

5 384  7 

61)46 

8)115 

70736 

30820 

14293 

23122 

44171 

194) 

2 3600 

34415 

35028 

49020 

7458) 

91499 

1 149  36 

143284 

103173 

58250 

18790 

21084 

8 39  74 

1944 

25614 

31350 

26062 

28715 

38690 

44917 

45089 

50568 

72292 

33957 

19390 

19188 

36  319 

1945 

18999 

22167 

24  328 

42447 

394)3 

39221 

47792 

7546  5 

75252 

26029 

18110 

25123 

37864 

1946 

26964 

22412 

28950 

43107 

59986 

84614 

8)704 

83628 

68014 

34180 

20240 

246  30 

48369 

1947 

32341 

40103 

60104 

43275 

68165 

752  )1 

57430 

108976 

78923 

3)618 

21405 

22626 

53516 

1948 

302  14 

40499 

37)93 

4 7045 

6 5 343 

75236 

80  302 

122119 

150477 

46940 

2 32  50 

23970 

61899 

1949 

28351 

33393 

28226 

39528 

664  32 

89070 
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MEAN  DISCHARGE . THOUSAND  CUBIC  FEET  PER  SECONO 
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Monthly  discharge.  Salmon  River  near  Challis.  Idaho  Figure  6\ 


Monthly  discharge,  Salmon  River  at  Salmon,  Idaho 
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Figure  371  Monthly  discharge,  Clearwater  River  at  Spalding, 

Idaho 


Monthly  discharge,  Snake  River  near  Clarkston, 
Washington 
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Monthly  discharge.  Palouse  River  at  Hooper. 
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Figure  585  Frequency  curves,  Palouse  River  at  Hooper.  Washiogtoo  Figure  586  Frequency  curves,  Snake  River  below  Ice  Harbor  Dam,  Washington 
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Figure  587  Duration  curves,  Salmon  River  near  Challis,  Idaho 


Figure  388  Duration  curves,  Salmon  River  at  Salmon.  Idaho 


Period.  1929  - 1958 
1970  Conditions 


NOTE  DRAINAGE  AREA 
12,770  SQUARE  MILES 


MONTHLY  FLOWS 


ANNUAI  FLOWS 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Duration  curves.  Salmon  River  near  " :nch  Creek, 
Idaho 


Figure  3rt  Duration  curves.  Salmon  River  at  Wh itebi rd.  Idaho 
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Duration  curves, 


Grande  Ronde  River  at  Rondowa. 
Oregon 


Figure  392  Duration  curves,  Selway  River  near  Lowell,  Idaho 
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Durotion  curves.  Lochsa  River  near  Lowell.  Idaho 
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Duration  curves,  Clearwater  River  at  Kamiah.  Idaho 
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Figure  395  Duration  curves,  Clearwater  River  at  Spalding,  Idaho  Figure  39f  Duration  curves,  Snake  River  near  Clarkston.  Wasn. 
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Figure  597  Duration  curves.  Palouse  River  at  Hooper  Washington  Figure  398 


Durotion  curves.  Snake  River  below  Ice  Harbor  Dam, 
Washington 
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F<gu re  . Frequency  curve  of  onnuoi  peok  flows , Salmon  River  near  French  Creek.  Ida.  Figure  f32  Frequency  curve  of  annual  peak  flows , Salmon  River  at  Whitebird.  Idaho 
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Frequency  curve  of  annual  peak  flows.  Snake  River  below  Ice  Harbor  Dam. 

Frequency  curve  of  onnuol  peak  flows , Palouse  River  at  Hooper.  Wash  Figure  ^10  Washington 
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FIGURE  411  LONG-TERM  VARIATION  IN  PRECIPITATION  AND  STREAMFLOW 


FIGURE  412  LONG  - TERM  VARIATION  IN  PRECIPITATION  AND  STREAMFLOW 
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FIGURE  413  LONG  - TERM  VARIATION  IN  PRECIPITATION  AND  STREAMFLOW 
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The  quality  of  water  is  very  good,  generally  having  less 
than  100  mg/1  dissolved  solids.  Even  that  of  the  mainstem  Snake 
River  is  satisfactory  for  most  uses  because  of  tributary  dilution. 
Detailed  data  for  the  subregion  are  presented  on  the  following 
pages . 


Chemical 

Between  the  point  where  the  Snake  River  enters  the  sub- 
region  and  its  confluence  with  the  Columbia  River,  the  quality  of 
the  river  is  affected  by  five  major  tributaries.  The  Salmon  River 
in  central  Idaho  flows  through  sparsely  populated  mountainous 
areas.  Most  of  this  area  is  underlain  by  volcanic  and  intrusive 
rocks  which  are  resistant  to  solvent  action.  Heavy  precipitation, 
high  runoff,  and  the  resistant  rocks  result  in  water  of  very  low 
dissolved-solids  content.  With  the  exception  of  the  Pahsimeroi  and 
Lemhi  Rivers  which  drain  areas  containing  limestone  and  are  more 
highly  mineralized,  200-300  mg/1  dissolved  solids  content,  all 
streams  sampled  have  contained  less  than  100  mg/1  dissolved  solids 
(64) . Figure  417  shows  chemical  composition  of  water. 

The  mineral  quality  of  the  Grande  Ronde  River  and  its  major 
tributary,  the  Wallowa  River,  is  very  similar  to  that  of  the  Salmon 
River.  The  headwaters  contain  dilute  calcium  bicarbonate  waters  of 
less  than  75  mg/1  dissolved  solids.  Use  of  the  water  for  irriga- 
tion in  the  Grande  Ronde  and  Wallowa  Valleys  causes  some  downstream 
increase  in  mineralization  but  the  chemical  composition  of  the  water 
is  not  changed  appreciably.  The  waters  are  still  of  the  calcium 
bicarbonate  type  with  slightly  larger  amounts  of  sodium  and  sulfate. 

The  average  dissolved-solids  concentration  of  both  the  Grande  Ronde 
and  Salmon  Rivers  as  they  enter  the  Snake  River  is  about  100  mg/1. 

Because  the  combined  flow  of  these  two  tributaries  makes  up  more 
than  40  percent  of  the  flow  of  the  Snake  River  below  their  conflu- 
ence, they  have  a considerable  diluting  effect  on  the  Snake  River. 

The  average  dissolved-solids  concentration  of  the  Snake  River  above 
the  Salmon  and  Grande  Ronde  Rivers  is  in  excess  of  300  mg/1. 

Monthly  samples  collected  from  Snake  River  near  Clarkston,  below 
the  Grande  Ronde  and  Salmon  Rivers,  showed  an  average  dissolved- 
solids  concentration  of  about  200  mg/1  for  the  river  at  that  point. 

-. 

The  water  of  the  Clearwater  River  is  even  more  dilute  than 
the  Salmon  River,  averaging  about  33  mg/1  dissolved  solids  at  the 
mouth.  The  Clearwater  River  has  the  largest  runoff  of  the  Snake 
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River  tributaries  and  further  dilutes  the  mineralization  of  the 
main  stem.  At  Central  Ferry,  near  Pomeroy,  Washington,  the  aver- 
age dissolved-solids  concentration  of  the  Snake  River  is  less  than 
150  mg/1. 

The  two  principal  tributaries  between  the  Clearwater  River 
and  the  mouth  of  Snake  River  are  the  Palouse  and  Tucannon  Rivers. 
These  two  tributaries  flow  through  a part  of  the  relatively  flat 
Columbia  Plateau.  In  many  places  the  soil,  which  is  a loess  and 
highly  susceptible  to  erosion,  increases  the  solution  of  minerals 
by  the  water,  thus  producing  greater  mineralization  than  would  be 
expected  in  an  area  underlain  by  basalt  (64-32).  The  Palouse  River 
drains  a much  larger  area  of  these  soils  than  the  Tucannon  River 
and  its  mineralization  is  much  greater,  averaging  about  170  mg/1 
dissolved  solids  at  the  mouth. 

The  Palouse  and  Tucannon  Rivers  have  little  effect  on  the 
Snake  River  because  their  flows  are  relatively  small  compared  to 
that  of  the  mainstem.  The  water  of  the  Snake  River  at  its  conflu- 
ence with  the  Columbia  River  is  very  similar  in  chemical  character 
to  what  it  is  upstream  at  Central  Ferry. 

In  some  irrigated  areas  in  the  Wallowa  River  Valley  there 
are  drainage  problems;  in  the  Grande  Ronde  River  Basin  both  drain- 
age and  alkali  accumulation  problems  occur.  Large  increases  in 
irrigation  use  should  be  prefaced  by  thorough  studies  to  define 
the  extent  and  seriousness  of  these  problems. 

The  mineral  quality  of  all  streams  in  the  basin  is  suitable 
for  the  foreseeable  uses.  Although  some  increases  of  mineraliza- 
tion occur  in  irrigated  areas,  the  water  is  still  suitable  for 
irrigation  use. 


Biological- Biochemical 

Information  collected  over  a considerable  period  of  time  on 
dissolved  oxygen  and  coliform  organisms  concentrations  in  streams 
is  presented  in  the  accompanying  table  233. 

Dissolved  oxygen  levels  are  generally  high  and  relatively 
few  related  problems  exist.  Flows  in  portions  of  the  South  Fork 
of  the  Palouse  River  are  seasonally  depleted  to  the  point  that 
waste  discharges  constitute  the  major  flow  of  the  river. 

As  in  other  subregions  of  the  Snake  River  drainage,  bacteri-  ' j 

al  densities  vary  considerably,  with  unsuitable  conditions  occurring 
below  a number  of  communities.  Some  bacterial  contamination  of 
sewage  origin  enters  the  Clearwater  and  Snake  Rivers  in  the  Lewiston- 
Clarkston  area.  Bacterial  levels  do  not  indicate  a serious  problem; 
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however;  during  the  summer  they  are  higher  than  the  recommended 
level  of  1,000  organisms/100  ml  for  water  contact  recreation. 

Over  the  years,  the  water  pollution  surveillance  station 
at  Wawawai  has  recorded  high  levels  of  plankton  productivity. 

While  the  organisms--mostly  diatoms--are  beneficent,  the  conditions 
that  produce  them  also  are  responsible  for  nuisance  growths  which 
are  present  in  many  areas . 


Table  233.  Dissolved  Oxygen  6 Coliform  Organisms  Densities 
Lower  Snake  Subregion 


Location 

Dissolved  Oxygen 
mg/ 1 

Coliform  Organ 
/100  ml 

isms 

Mean 

Min 

Max 

Mean 

Min 

Max 

Wallowa  R.  at  Minam 

10.  S 

7.2 

12.8 

1,383 

60 

6,200 

Grande  Ronde  R.  nr.  Elgin 

10.0 

6.0 

12.7 

' 829 

60 

7,000 

Clearwater  R.  at  Lewiston 

10.6 

5.0 

14.8 

- 

- 

- 

Snake  R.  nr.  Wawawai 

10.8 

7.0 

16.0 

- 

- 

- 

Snake  R.  at  Hwy  410 

11.4 

7.6 

21.0 

449 

0 

4,600 

Tucannon  R.  nr.  Delaney 

10.8 

8.1 

12.4 

51,331 

910 

460,000 

Palouse  R.  nr.  Hooper 
Snake  R.  nr.  Ice  Harbor 

11.2 

5.3 

14.2 

9,089 

91 

110,000 

Dam 

11.1 

7.9 

14.3 

- 

- 

- 

Snake  R.  nr.  Pasco 

11.1 

7.1 

17.0 

682 

0 

9,300 

Sediment 


Extensive  data  have  been  collected  on  sediment  transport 
and  deposition,  especially  in  Palouse  River  Basin.  Suspended- 
sediment  data  were  obtained  mostly  during  the  period  1934-40,  but 
also  in  1905,  1910-12,  1951-52,  and  since  1962.  Figure  418  shows 
maximum  concentrations  of  sediment  observed  in  some  streams  since 
1962,  the  highest  concentration  being  383,000  mg/1  in  Deadman 
Creek.  The  highest  observed  concentrations  occurred  during  the 
flood  of  December  1964.  The  flood  was  caused  by  heavy  rainfall  on 
snow  lying  on  frozen  ground.  Most  of  the  precipitation  became 
surface  runoff  which  caused  severe  channel,  sheet,  and  rill  erosion 
in  the  north  part  of  Garfield  County,  Washington.  Runoff  at  lower 
elevations,  while  producing  heavy  sediment  concentrations,  did  not 
cause  a high  sediment  yield.  (64) 
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During  the  period  1941-51,  sediment  deposition  studies  were 
made  in  Asotin  Creek  and  Clearwater  River  Basins.  These  studies 
also  showed  quite  high  rates  of  sediment  transport.  Figur 
‘shows  sediment  yields  (30)  ranging  from  ° 02  acre-feet  per  squ; 
mile  ner  3 vear  in  the  mountainous  areas  to  4.0  acre  teet  per 
square  mile^er  year  in  the  highly  erosive  dryfarm  areas  of  south- 
eastern Washington.  In  the  area  known  as  the  Palouse  Wheat  Bel  , 
about  one-half  the  cultivated  land  had  been  seriously  damage 
, „v>  if,cc  0f  totssoil.  The  most  severe  erosion  occurs  as  a 

result  of  (1)  rains  of  long  duration  and  relatively  low  intensities 

falling  on  wet  or  sf U(35eJUnoff ’acrLfloiS  slopes*^  bottomland 

^&ssrus. ;;  I.  is 

SLt:  < 

mining  and  road  building  activities. 


Water  Temperature 

Water  temperature  data  have  been  collected  in  sufficient 

For  the  22-year  period  (1944-1965),  the  temperature  in  July 
has  ranged  from  62”  to  77°F.  The  maximum  temperature  ranged  from 
74°F.  at  mile  270  to  77°F.  at  the  mouth. 

Figu  e 420  compares  Snake  River  monthly  temperatures  at 
four  stations  for  periods  varying  from  8 to  J3  ^ars  The  annu 
range  is  from  about  34°F.  in  January  to  about  77  F.  m July  a 

August . 
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GROUND  WATER 


Two  aquifer  units  furnish  most  of  the  ground-water  supplies 
in  Subregion  6.  These  are  the  alluvial  deposits  (Qal)  and  the 
basalt  of  the  Columbia  River  Group  (Ter).  Each  of  these  is  capable 
of  supplying  moderate  to  large  yields  at  favorable  locations.  The 
other  aquifer  units  are  utilized  locally  for  domestic,  stock,  and 
small  public  supplies  but  their  chief  significance  is  in  supplying 
base  flow  to  streams  draining  them. 

The  chemical  character  of  ground  water  generally  is  good  to 
excellent.  Present  development  and  utilization  of  ground  water  is 
small . 

The  only  areally  extensive  ground-water  study  in  the  area 
is  one  made  nearly  70  years  ago.  (135)  Small  areal  ground- water 
investigations  have  been  made  at  a few  other  places  in  recent 
years.  (35,  46,  151)  A few  local  reconnaissances  have  also  been 
made.  (22,  24,  60,  61,  78,  89) 


Aquifer  Units  and  Their  Hydrologic  Characteristics 


Five  aquifer  units  have  been  delineated  in  Subregion  6 and 
are  shown  on  the  map,  figure  421.  Two  are  good  to  excellent  at 
places  and  are  utilized  for  public,  industrial,  and  irrigation 
supplies;  one  underlies  a very  small  area  and  is  not  utilized;  and 
two,  of  relatively  low  permeability,  underlie  extensive  uninhabited 
mountainous  areas.  The  aquifer-unit  map,  figure  421,  is  based  on 
the  Geologic  Maps  of  Idaho  (133)  and  Washington  (54),  and  two  maps 
of  parts  of  northeastern  Oregon  (46,  179). 


The  alluvial  deposits  (Qal),  including  glacial  outwash, 
occur  as  narrow  flood-plain  and  terrace  deposits  along  many  streams 
and  as  more  extensive  and  thicker  fill  in  headwaters  valleys  of  the 
Salmon  River  in  Idaho  and  the  Grande  Ronde  River  in  Oregon.  Many 
narrow  al luvial-terrace  deposits  could  not  be  shown  on  the  aquifer- 
unit  map  because  of  its  small  scale.  Generally,  they  are  coarse 
and  permeable  and  will  furnish  moderate  to  large  yields  where  ten 
to  several  tens  of  feet  of  material  are  saturated.  These  deposits 
may  be  very  important  local  sources  of  ground  water  because  many 
of  them  occur  in  valleys  cut  in  relatively  impermeable  pre-Tertiary 
bedrock.  In  some  of  the  broader  alluvial  basins,  considerable 
fine-grained  sand  and  silt  of  alluvial  or  lacustrine  origin  is 
interbedded  with  the  coarser  sand  and  gravel;  wells  penetrating 
only  the  fine-grained  materials  have  only  small  or  moderate  yields. 
However,  at  many  places  in  the  alluvial  basins,  wells  yielding  500 
to  several  thousand  gallons  per  minute  can  be  developed. 
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COLUMBIA- NORTH  PACIFIC 
COMPREHENSIVE  FRAMEWORK  STUDY 


AQUIFER  UNITS 


LOWER  SNAKE  SUBREGION  6 


FIGURE  42' 


COLUMBIA- NORTH  PACIFIC 
COMPREHENSIVE  FRAMEWORK  STUDY 

GENERAL  AVAILABILITY 
OF  GROUND  WATER 

LOWER  SNAKE  SUBREGION  t> 


FIGURE  422 


The  basalts  of  the  Columbia  River  Group  (Ter)  are  medium  to 
dark  gray  or  black  basalts  and  basaltic  andesites  in  flows  generally 
25  to  100  feet  thick.  The  basal  part  of  each  flow  is  very  fine 
grained  and  dense;  the  center  is  dense  and  massive,  with  columnar 
jointing;  the  upper  part  frequently  is  scoriaceous  or  vesicular, 
at  places  has  platy  jointing.  The  upper  rubbly  surfaces  of  some 
flows  are  not  completely  filled  or  sealed  by  succeeding  flows. 

Water  is  contained  in  and  moves  through  the  interflow  zones,  and 
the  unit  yields  moderate  to  large  supplies  of  water  where  several 
permeable  interflow  zones  are  penetrated.  Large  yields  are  obtained 
at  many  places  in  Whitman  and  Adams  Counties,  Washington,  and  at  a 
few  places  in  Idaho;  however,  interfingering  fine-grained  sedimen- 
tary strata  reduce  the  permeability  at  some  places.  These  strata 
are  more  numerous  near  the  margins  of  the  basalt  plateau,  as  in 
Idaho.  Also,  much  of  the  area  that  is  underlain  by  basalt  is  high 
above  the  major  streams,  and  at  some  places  the  water  table  is  many 
hundreds  of  feet  below  the  land  surface,  so  that  high  pumping  lifts 
are  required. 

The  other  extensive  aquifer  units,  the  Challis  volcanics 
(Tcv)  and  the  pre-Tertiary  rocks  (pT) , yield  small  or  moderate 
supplies  to  wells  and  springs  for  domestic  and  stock  use,  and  for 
a few  small  public  supplies.  Fractured  crystalline  rocks  and 
coarse  grained  sedimentary  and  pyroclastic  rocks  may  yield  moderate 
supplies  at  some  places.  A deep  weathered  zone,  together  with 
talus  and  colluvium,  forms  a large  porous  and  permeable  shallow 
ground-water  reservoir  in  the  mountains  of  Idaho  that  maintains  a 
high  base  flow  in  the  Salmon  and  Clearwater  Rivers. 

Brief  descriptions  of  the  aquifer  units,  their  hydrologic 
characteristics,  and  the  quality  of  the  water  yielded  by  them  are 
given  in  table  234.  The  general  availability  of  ground  water  is 
shown  on  the  map,  figure  422.  For  maximum  utility,  that  map  and 
the  aquifer-unit  map,  figure  421,  should  be  used  together. 

' Many  areas  of  alluvium  (Qal)  and  basalt  of  the  Columbia 

River  Group  (Ter)  are  designated  "yield  unknown"  because  informa- 
tion is  lacking  on  which  to  estimate  the  yield  of  wells.  Probably 
at  many  places  wells  in  the  alluvium  would  yield  100  to  2,000  gpm, 
and  wells  in  the  basalt  would  yield  20  to  500  gpm. 


Water  in  Storage 


A rough  estimate  of  the  quantity  of  water  stored  in  each 
aquifer  unit,  in  a specified  depth  interval  below  the  water  table, 
is  given  in  table  235. 
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A depth  interval  of  100  feet  was  used  for  the  Columbia 
River  Group  which  underlies  broad  plateau  areas  where  the  water 
table  conceivably  could  be  lowered  considerably.  The  same  depth 
interval  was  used  for  the  Tertiary  volcanic  rocks  (Tv) . A depth 
interval  of  50  feet  was  used  for  the  three  other  aquifer  units. 


Table  235  - Storage,  Recharge,  and  Discharge  of  Ground  Water 
in  Aquifer  Units,  Subregion  6 


Aquifer 

Unit 

Area 

Storage 

Annual 

Natural  Recharge 
and  Discharge 

Sq . Mi 

Acres 

. (1000 1 s) 

Specific 

Yield 

(percent) 

Depth 

Used 

(ft) 

Water 
(1000 1 s 
ac-ft) 

Inches 

Over 

Area 

(1000 1 s 
ac-ft) 

Qal 

1,690 

1,080 

20 

50 

10,800 

12 

1,080 

Ter 

12,800 

8,200 

1 

100 

8,200 

4 

2,700 

Tv 

95 

61 

1 

100 

60 

4 

15 

Tcv 

2,620 

1,675 

1 

50 

840 

4 

560 

PT 

17,900 

11,400 

2 

50 

11,400 

5 

4,750 

TOTAL 

35,000 

22,000 

31 ,000 

9 ,000 

(rounded) 

The  specific  yield  of  the  alluvial  deposits  was  estimated 
to  be  20  percent.  The  upper  50  feet  of  saturation  in  the  pre- 
Tertiary  aquifer  unit  (pT)  is  partly  in  the  weathered  soil  and  sub- 
soil. The  specific  yield  may  be  as  much  as  5 or  10  percent  in  the 
weathered  zone,  but  less  than  1 percent  in  the  unweathered  rock. 

An  average  specific  yield  of  2 percent  was  used  to  calculate  the 
, amount  of  water  in  the  upper  50  feet  of  saturated  rock.  A specific 

i ' yield  of  1 percent  was  assumed  for  all  the  volcanic  aquifer  units 

(Ter,  Tv,  Tcv) . It  is  estimated  that  about  31  million  acre-feet  of 
water  is  stored  in  the  specified  depth  interval  (table  235)  . Storage 
in  the  two  aquifer  units  utilized  extensively  (Ter,  Qal)  is  about 
19  million  acre-feet.  Most  of  the  remainder  is  in  the  pre-Tertiary 
aquifer  unit  (pT) . 


Natural  Recharge  and  Discharge 

Recharge  to  aquifers  in  Subregion  6 is  derived  chiefly  from 
direct  precipitation  and  snowmelt,  but  at  some  places  by  influent 
seepage  of  streamflow  and  irrigation  diversions.  There  are  no 
diversions  of  ground  water  into  the  basin;  however,  a small  amount 


533 


may  move  westward  in  Franklin  and  Adams  Counties  into  Subregion  2, 
and  southward  in  Columbia  County  into  Subregion  7. 

Recharge  to  the  alluvial  aquifers  is  partly  from  direct 
precipitation  on  the  area  of  outcrop,  but  is  mostly  from  irrigation 
diversion  and  influent  seepage  from  streams.  Annual  ground-water 
discharge  from  the  Lemhi  and  Pahsimeroi  Valleys  is  equivalent  to  a 
recharge  of  about  9 inches  over  the  area  occupied  by  the  alluvial 
deposits.  Precipitation  in  those  two  valleys  is  lower  than  in  most 
of  the  rest  of  the  subregion,  and  recharge  to  the  alluvial  deposits 
is  less  than  in  most  other  basins.  In  some  narrow  valleys,  recharge 
to  and  discharge  from  the  terrace  deposits  and  flood-plain  alluvium 
may  be  equivalent  to  an  annual  recharge  of  24  inches  over  the  area 
of  outcrop.  An  estimated  average  value  of  12  inches  of  natural 
recharge  over  the  entire  area  occupied  by  the  alluvial  deposits  was 
used  in  table  235. 

The  basalt  of  the  Columbia  River  Group  (Ter)  underlies 
several  broad  upland  or  plateau  segments  separated  by  major  streams 
flowing  in  deeply  incised  canyons.  Tributary  streams  within  the 
plateau  segments  are  commonly  much  less  deeply  incised.  At  places 
the  regional  water  table  is  several  hundred  feet  below  land  surface 
and  many  of  the  smaller  streams  lose  water  to  the  water  body  in  the 
basalt.  Throughout  much  of  the  area  the  basalt  is  overlain  by 
Palouse  silt  ranging  in  thickness  from  several  feet  to  possibly 
100  feet  and  at  some  places  there  are  perched  aquifers  in  the  silt. 
The  silt  is  very  porous  but  has  low  permeability.  Therefore,  it 
supplies  effluent  seepage  to  streams  and  accepts  and  transmits 
recharge  to  the  basalt.  Thus,  the  basalt  is  recharged  by  precipita- 
tion and  snowmelt  directly  on  the  basalt,  especially  where  erosion 
has  exposed  interflow  zones;  by  downward  seepage  through  the  silt; 
and  by  influent  seepage  from  streams  that  are  above  the  water  table. 
Because  the  central  parts  of  the  individual  basalt  flows  are  dense 
and  impermeable,  recharge  perpendicular  to  the  flow  surface  is 
negligible  except  where  the  flow  is  broken  by  jointing  or  other 
fracturing.  For  the  most  part,  recharge  probably  is  directly  into 
the  interflow  zones  and  is  restricted  in  broad  plateaus  where  the 
flows  are  parallel  to  the  land  surface. 

HydrogTaphs  and  flow-duration  curves  for  streams  draining 
the  basalt  in  subhumid  areas  flanking  the  Blue  and  Wallowa  Mountains 
were  used  to  determine  the  ground-water  component  of  discharge.  The 
data  indicate  that  the  annual  ground-water  discharge  from  the  basalt 
and  overlying  Palouse  silt  in  those  areas  is  equivalent  to  4 to 
12  inches  of  recharge  over  the  drainage  area.  In  the  semiarid  parts 
of  the  subregion,  recharge  to  the  basalt  is  much  less;  and  probably 
is  less  than  1 inch  a year  in  the  extreme  western  part  of  the 
subregion  in  Washington.  Four  inches  were  used  for  estimating 
annual  natural  recharge  and  discharge  of  aquifer  units  Ter  and  Tv 
in  table  235. 
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The  pre-Tertiary  unit  (pT)  and  Challis  volcanic  rocks  (Tcv) 
chiefly  underlie  mountainous  areas  where  precipitation  ranges 
generally  from  30  to  60  inches.  Recharge  to  those  units  is  entirely 
from  precipitation  and  snowmelt  during  the  fall,  winter,  and  spring 
months.  A study  of  stream  hydrographs  indicates  that  ground-water 
runoff  from  these  areas  ranges  generally  from  4 to  8 inches  annually. 
Arbitrary  values  of  5 and  4 inches  were  assigned  to  the  pre-Tertiary 
and  Challis  volcanic  rocks,  respectively,  for  average  annual  natural 
recharge  and  discharge. 

The  estimated  total  annual  natural  recharge  and  discharge 
from  aquifers  in  Subregion  6 is  9 million  acre-feet  (table  235). 
However,  much  of  the  water  that  becomes  recharge  to  the  alluvium, 
and  to  a lesser  extent  to  the  basalt,  has  already  been  through  the 
ground  water-surface  water  cycle  in  the  basin.  Probably  the  net 
annual  recharge  and  discharge  is  closer  to  8 million  acre-feet. 

A rough  check  on  this  figure  can  be  made  by  totaling  the  average 
annual  ground-water  component  of  flow  for  major  streams  draining 
the  subregion:  the  total  exceeds  10,000  cfs,  or  7.25  million  acre- 

feet  a year. 


Annual  Ground-Water  Withdrawal 

Ground-water  withdrawal  (table  236)  amounts  to  approximately 
80  thousand  acre-feet  a year,  about  1 percent  of  the  estimated 
natural  recharge  and  discharge  from  aquifers  in  the  subregion.  Most 
of  the  withdrawal  is  from  the  alluvial  and  glacial  deposits  (Qal) 
and  basalt  of  the  Columbia  River  Group  (Ter)  . 


Chemical  Quality  of  Water 

Generally,  the  chemical  character  of  the  water  is  good  to 
excellent  for  all  uses.  Dissolved  solids  are  usually  less  than 
300  mg/1;  the  water  is  chiefly  of  the  calcium  bicarbonate  type  and 
is  soft  to  moderately  hard.  Rarely  are  there  excessive  concentra- 
tions of  constituents  that  cause  hazards  or  problems.  A few  wells 
in  the  basalt  (Ter)  have  sodium  exceeding  50  percent  of  the  cations, 
but  the  sodium  adsorption  ratio  rarely  exceeds  2.5.  Iron  and 
fluoride  usually  are  low. 

As  in  Subregion  5,  Subregion  6 has  a large  number  of 
thermal  springs.  There  are  about  110  spring  locations  listed  by 
Waring  (196)  nearly  all  in  Idaho.  Some  entries  represent  10  or 
15  individual  springs;  therefore,  there  must  be  thousands  of 
thermal  springs  in  Subregion  6.  Most  of  these  issue  from  granite; 
a few  issue  from  other  pre-Tertiary  rocks  (metamorphic  rocks, 
limestone,  etc.);  and  a few  from  Tertiary  volcanic  rocks  (Ter  or 
Tcv)  near  the  contact  with  pre-Tertiary  rocks.  Most  of  the 
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Table  236  - Estimated 

Ground-Water 

Withdrawal  and  Consumptive  Use, 

Subregion 

6,  1970 

Ac-ft  per  year;  all 

quantities  in 

thousands 

Idaho  i 

Oregon 

Washington 

Total 

Irrigation 

Acres  irrigated 

1.2 

4.0 

6.4 

11.6 

Withdrawal 

3.6 

12.0 

19.0 

34.6 

Consumptive  use 

1.8 

6.0 

9.5 

17.3 

» 1 / 

Industrial— 

Withdrawal  . . 

Consumptive  use— 

2.3 

2.5 

1.8 

6.6 

.1 

. 1 

.1 

.3 

Public  Supplies 
Persons  served 

46.0 

10.0 

45.0 

101.0 

Withdrawal  . 

Consumptive  use— 

12.3 

2.4 

11.0 

25.7 

2.5 

.5 

2.2 

5.2 

Rural  Domestic 

Persons  served 

32.0 

10.0 

28.0 

70.0 

Withdrawal- 
Consumptive  use—' 

3.6 

1.1 

3.1 

7.8 

1.8 

.6 

1.5 

3.9 

Stock 

Withdrawal  and  , 

consumptive  use—' 

1.95 

.20 

1.56 

3.71 

TOTAL  WITHDRAWAL  (rounded) 

80.0 

TOTAL  CONSUMPTIVE  USE 

(rounded) 

30.0 

1/  Self-supplied  industrial  j 

2 / Assumed  to  be  5 percent  of  gross  withdrawal. 

3/  Assumed  to  be  20  percent  of  gross  withdrawal. 

£/  Estimated  use  100  gallc is  per  day  per  person. 

5/  Assumed  to  be  50  percent  of  gross  withdrawal. 

6/  Assumed  that  all  water  withdrawn  is  consumed. 
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thermal  springs  appear  to  be  related  to  fault  zones  in  or  near 
the  Idaho  granitic  batholith.  Few  chemical  analyses  have  been 
published,  but  some  of  the  water  is  highly  mineralized.  Probably 
most  of  this  water  is  of  the  sodium  bicarbonate  type  and,  at  some 
places,  may  have  very  high  fluoride  concentrations  (180). 


Present  Use  and  Future  Availability 

Estimates  of  ground-water  withdrawal  and  consumptive  use 
in  1970  are  given  in  table  236.  Total  annual  ground-water  with- 
drawal is  about  80  thousand  acre-feet  and  consumptive  use  is  about 
30  thousand  acre-feet.  Nearly  all  of  the  withdrawal  and  use  are 
from  alluvial  deposits  (Qal)  and  basalt  of  the  Columbia  River  Group 
(Ter).  A part  of  the  water  not  consumed  returns  to  the  streams, 
so  net  withdrawal  of  ground  water  may  be  on  the  order  of  40  thou- 
sand acre-feet  per  year,  about  0.5  percent  of  the  estimated  average 
annual  natural  recharge  and  discharge.  Thus,  present  withdrawal 
and  use  is  insignificant  on  a subregionwide  basis.  However, 
pumpage  is  concentrated  in  some  areas  and,  as  is  usually  the  case, 
in  some  of  those  areas  recharge  is  relatively  low. 

Present  development  of  ground  water  from  the  alluvial 
deposits  is  small  in  total  quantity  and  is  widely  dispersed.  Large 
additional  amounts  are  available  in  such  basins  as  the  Pahsimeroi, 
Lemhi,  and  other  valleys  in  the  Salmon  River  drainage,  the  Grande 
Ronde  Valley,  and  segments  of  the  Wallowa  River  Valley  near 
Wallowa  and  Enterprise.  Moderately  large  to  large  yields  can  be 
obtained  from  the  alluvial  deposits  in  many  of  the  narrower  valleys, 
but  because  of  the  limited  areal  extent  of  the  deposits,  development 
of  supplies  requiring  several  wells  of  large  capacity  generally 
would  be  dependent  upon  inducing  recharge  from  a nearby  surface- 
water  supply,  such  as  a river  or  lake. 

Development  of  ground-water  supplies  from  the  Columbia 
River  Group  is  comparatively  small,  perhaps  about  50,000  acre-feet 
a year.  Use  for  domestic,  stock,  and  public  supply  is  widely 
dispersed.  Use  for  irrigation  is  concentrated  in  the  Grande  Ronde 
Valley  and  in  the  area  north  of  the  Snake  River  in  Washington.  In 
the  latter  area,  annual  recharge  is  much  less  than  average  for  the 
aquifer  unit,  possibly  less  than  1 inch.  Large  additional  supplies 
of  ground  water  are  available  from  the  basalt  at  many  places; 
however,  the  great  depth  to  water  at  some  places,  as,  for  example, 
south  of  the  Snake  River  in  Walla  Walla  County,  and  small  recharge 
in  some  areas,  limit  the  potential  for  development.  A large 
number  of  faults  and  other  structures  have  divided  the  basalt  into 
many  compartments,  each  of  which  has  its  own  ground-water  regimen. 
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Detailed  studies  will  be  required  to  delineate  the  structures  in 
order  to  determine  where  large  supplies  of  ground  water  can  be 
obtained . 


Artificial  Recharge 


So  far  as  is  known,  there  is  no  artificial  recharge  of 
aquifers  in  Subregion  6.  The  alluvial  deposits  (Qal)  are  in 
valleys  and  basins  where  natural  recharge  is  relatively  high;  with- 
drawal of  large  quantities  of  water  would  induce  an  even  larger 
natural  recharge  at  most  places.  It  does  not  seem  probable  that 
artificial  recharge  of  these  deposits  will  be  needed  in  the  fore- 
seeable future. 

Natural  recharge  to  the  basalt  aquifers  (Ter)  is  low  at 
some  places.  Water  levels  have  had  a long  history  of  decline  in 
the  Pullman -Moscow  area  (35,  151),  and  as  shown  by  hydrographs  in 
figure  423.  The  report  by  Foxworthy  and  Washburn  (36)  discussed 
the  possibility  of  artificial  recharge,  and  concluded  that  recharge 
through  injection  wells  was  feasible  (43).  No  doubt,  artificial 
recharge  of  the  basalt  in  other  areas  where  the  water  table  is  low 
and  natural  recharge  is  limited  also  is  feasible  where  a suitable 
supply  of  water  for  recharging  is  available. 


Water  Rights 


Idaho 


A very  high  percentage  of  the  subregion  in  Idaho  is  moun- 
tainous and  little  or  no  ground-water  development  has  occurred. 
There  are  a few  water  rights  on  file  along  the  Salmon  River  near 
its  headwaters  associated  with  the  development  of  the  communities 
of  Stanley,  Challis,  Leadore,  and  Salmon.  This  development  is 
primarily  for  small  wells  for  domestic  water  rights. 

Well  development  has  also  occurred  in  the  Camas  Prairie 
near  the  communities  of  Grangeville,  Cottonwood,  and  Craigmont. 

Some  of  this  development  has  led  to  the  establishment  of  irrigation 
rights  but  quantitative  figures  are  not  available  at  this  time. 
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Hydrographs  of  selected  wells  in  subregion 


A limited  amount  of  water  has  been  appropriated  from  ground- 
water  resources  along  the  Clearwater  River  from  Kooskia  to  Lewiston. 
The  quantity  of  water  has  been  small  and  the  use  primarily  domestic. 
Between  the  Potlatch  and  Palouse  Rivers  literally  hundreds  of  small, 
shallow  domestic  water  wells  have  been  constructed  and  domestic 
water  rights  have  been  established.  These  are  mostly  associated 
with  the  farms  in  the  area  and  very  few  have  chosen  to  file  and 
place  their  water  rights  on  record  with  the  Idaho  Department  of 
Reclamation.  This  is  primarily  because  domestic  wells  are  exempt 
from  filing  in  the  State  of  Idaho. 

The  community  of  Moscow  and  the  University  of  Idaho  rely 
exclusively  on  the  water  rights  that  they  have  established  for 
ground-water  in  the  Moscow  Basin.  Studies  have  led  some  to  believe 
that  the  use  of  water  by  these  two  entities  in  the  Moscow  Basin  is 
resulting  in  the  mining  of  the  ground-water  resource.  Additional 
significant  appropriation  of  ground  water  in  this  area  might  meet 
with  opposition. 

The  major  development  of  ground  water  in  the  subregion  has 
occurred  in  and  around  Lewiston  and  Lewiston  Orchards.  There  are 
14  licenses  and  permits  to  appropriate  37.3  second  feet  of  water 
in  and  surrounding  these  communities. 

Oregon 

In  the  Oregon  part  of  the  subregion,  consisting  of  the 
Grande  Ronde  Basin  in  Oregon,  primary  water  rights  for  66  wells 
are  on  file  with  the  State  Engineer's  Office  as  of  March  1967. 
Primary  rights  allow  withdrawal  of  20,562  acre-feet  a year,  of 
which  10,479  acre-feet  is  for  irrigation  of  3,492  acres.  The  maxi- 
mum rate  of  withdrawal  is  52  cfs  (23,400  gpm)  during  the  irrigation 
* season.  Data  on  supplemental  water  rights  are  not  available. 

' Ground-water  rights  are  summarized,  by  major-use  category,  in 

table  337. 


Table  237  - Summary  of  Ground-Water  Rights  in  the  Oregon  Part  of  Subregion  6,  1967 


Basin 
No.  6 
Name 

Number 

of 

Wells 

Domestic 

Municipal 

Industrial 

Irrigation 

Other 

Total 

(ac-ft) 

(ac-ft) 

(ac-ft^ 

(acres) 

(ac-ft) 

(ac-ft ) 

(ac-ft 

Grande  Ronde 

71 

0 

6,596 

3,48? 

3,492 

10,479 

0 

20,562 

Washington 


I 

) 

i 


In  the  Washington  part  of  the  subregion,  essentially  Water 
Resource  Inventory  Areas  33  through  35  (figure  360) , a total  of 
256  active  ground-water  right  appropriation  and  declaration  records, 
in  permit  and  certificate  stages,  were  on  file  with  the  Department 
of  Water  Resources  as  of  September  30,  1966.  Prime  rights  in  this 
area  allow  summer  period  consumptive  withdrawals  totaling  114,487  gpm 
(255  cfs) . No  supplemental  ground-water  rights  were  on  record  for 
this  subregion. 

Prime  water  right  quantities  for  the  more  important  use 
categories  and  total  actual  ground-water  right  quantities  are 
listed  in  table  338,  according  to  Water  Resource  Inventory  Areas 
as  defined  by  the  State  of  Washington,  Department  of  Water  Resources. 
(Regional  Summary)  More  detailed  information  about  specific  rights 
can  be  obtained  from  the  Department  of  Water  Resources. 


Table 

238  - Summary 

of  Ground 

Water  Rights,  Wash 

ington  Part 

of  Subregion  6,  1966 

Basin 

No. 2/  River  Basin 

Municipal 

Individual 
and  Community 
Irrigation  Domestic 

Industrial 

and 

Commercial 

Fish 

Propagation  Stock 

Total*!/ 

(Gallons  per  Minute) 

33  Snake- Low 

34  Pa  louse 

35  Snake- Tucannon 

7,bl7 

19,699 

15,019 
4b , 367 
14,809 

4,721 

22,162 

2,779 

3,794 
550 
10 

462 

12,359 

1,000 

19,600 

59,674 

35,213 

TOTAL 

27,316 

76,195 

29,662 

4,354 

13,821 

114,487 

I Nater  Resource  Inventory  Area  number  as  shown  in  figure  360. 

If  Total  prime  right  quantities  do  not  agree  with  the  sum  of  the  uses  because  (1)  only  the  more  important  use 
categories  are  listed  and  (2)  water  right  quantities  that  are  common  to  two  or  more  uses  are  listed  under  each 
applicable  use  category. 


RELATIONSHIP  BETWEEN  SURFACE  AND  GROUND  WATER 

In  Subregion  6,  aquifers  discharge  ground  water  to  streams 
at  most  places  except  on  the  basalt  plateaus.  All  major  streams 
and  many  minor  ones,  have  a continuous  ground-water  component  of 
flow.  All  streams  receive  ground-water  inflow  in  their  reaches 
within  the  pre-Tertiarv  rocks.  Some  of  the  smaller  streams  lose 
part  of  their  flow  by  seepage  to  the  alluvial  deposits  (Qal)  upon 
entering  basins  such  as  the  Pahsimeroi  and  Lemhi  Valleys.  However, 
the  ground  water  reappears  in  the  trunk  streams  of  these  valleys. 

The  total  discharge  of  the  Pahsimeroi  River  is  almost  entirely 
ground-water  effluent,  and  the  discharge  of  the  Lemhi  River  probably 
is  80  to  85  percent  ground  water. 

On  the  basalt  plateaus,  water  from  some  reaches  of  many 
small  streams  recharges  the  underlying  aquifers.  However,  streams 
that  arc  incised  deeply  enough  to  be  below  the  regional  water  table, 
receive  effluent  ground-water  seepage  throughout  the  year.  Asotin 
Creek  is  an  example  of  such  a stream;  probably  more  than  75  percent 
of  the  average  discharge  of  the  creek  is  derived  from  ground  water. 


. 
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The  Clearwater  and  Salmon  Rivers  are  the  largest  streams 
originating  in  the  area.  The  ground-water  component  is  about 
30  percent  of  the  average  annual  discharge  of  the  Clearwater  River 
and  40  percent  of  the  flow  of  the  Salmon  River.  Basins  of  both 
rivers  are  underlain  chiefly  by  pre-Tertiary  rocks.  The  higher 
percentage  for  the  Salmon  River  probably  is  due  to  the  large  amount 
of  ground-water  effluent  from  alluvial  deposits  in  the  headwaters 
of  the  Salmon  River.  According  to  curves  given  by  Simons  (144), 
winter  base  flow  in  the  Salmon  River  at  Whitebird  rarely  is  below 
4,000  cfs  and  summer  base  flow  rarely  is  below  2,000  cfs  . The 
curve  for  winter  base  flow  shows  that  120  days  would  be  required 
for  base  flow  to  decline  from  about  8,600  to  3,800  cfs.  There 
probably  are  several  reasons  why  the  minimum  base  flow  in  winter 
is  higher  than  in  summer.  These  may  include  the  following: 

1.  The  ground  water  is  maintained  at  higher  levels  during 
the  winter  than  in  summer  and  fall  because  of  con- 
current recharge,  whereas  there  is  little  or  no 
recharge  during  the  summer  and  fall. 

2.  Water  loss  by  evapotranspiration  of  vegetation  along 
the  stream  courses  probably  greatly  reduces  the  amount 
of  ground  water  appearing  in  the  streams  during  summer 
months . 

Low-flow  characteristics  of  two  streams  are  shown  in 
figure  424. 
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Figure  424  Hydrographs  showing  low-flow  character 


PARTICIPATING  STATES  AND  AGENCIES 


Idaho 

Montana 


Nevada 

Oregon 


STATES 

Utah 

Washington 


FFDERAL  AGENCIES 


Department  of  Agriculture 
Economic  Research  Service 
Forest  Service 
Soil  Conservation 
Department  of  the  Army 
Corps  of  Engineers 
Department  of  Commerce 
Economic  Development 

Administration 
Weather  Bureau 
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& Welfare 

Public  Health  Service 
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Development 
Dept,  of  Transportation 
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Bureau  of 
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Administration 
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